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j OjliUaJ — >.i a£-j dl j ( jJL LS'jL^ I y&lk I J-o-y 4 JUI i3jL«^t 

. . Jjuj 4— ?w » j aJT X ft^bA Ujl^* 4j jJlJ\ ^JLfr ( *JLit j 

i 

4-J\j j-jUl £j ji 4a*lljJL! ^**1 jll J-£y ^S> ^A U? 

jJ j « Jlj )) jAj Jill iJlA i-J jjJl 4^.1-^JJ fjjl 01 

IJla \jj~os- ^ jLJUJl oUtuaJI ja a+^a 3-c-l u* 4jt 01 UJL?r jJ £yUI IJla ^Jl U Jaj 
JjjiJl Ol£lu<? tiJUi jLi*j c jl jl jiA*^\ oL i*£j j_i^-l OLJL^P jJL*j *}/ 

^ £^Ja— Jlj s- L ft g K l *T . OLJ^Ij OjjL-aJIj o jj jJIj 

; * 

ULa ajVi^-l J*»l jjJl t r .«l’ij . OL-J^iM ^ 4j y~^~\ oLJUjOI 

^L-J ^3 ajUL^-l J- 4 I jjJt ^jbL^J l^T 1 JLb ^3 jJl al .,a •: ^1 jjJojj ^*£0 ^ 

Uj.^afr A ^ mju ^111 j^^Jl ^ ^JbL*J 1*5* 1 <uLL~j£l oUl ; ..ail jjJojj 

. IJLa 

* 

J j^JLSIj j^-wJI 4j oLc-j-Jp jil 0 Of iJjbUr cJjL?» JLilj 

L_~LaJI ol_MiljjJI o^AJai Uj_£ 0 \ nWjlj t^JU? Ol_JLk^_c ^l_>- 

tb j-J ^3 j-i?-Ul sIJLIjlS’j . j j-i^l frLy^- jS * JLsv ^ 

* 

l~jI cl U t ^ * jllj ,.^.-<Jl ^ju^JLI Liuij ^jJauJI s-bj—Jj 4 ; 1 ,iia II iili-l 

. iuJL^I oULuoil 

« 

. . jMMijta lj».y>-y- LiJjj Of ( jjJLUI ^jJbOl 4 JUI JL^iIj 

J&ijAtfi djAtfd&AJtjStA /jji&A 
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> 0 ‘ >iU-l >bJl - 

\ ^ Sjj^i-I oLJLuJi ( jj ^ 0 jjl Silt ^3 j^L-Jl — 

i-jujai o^udu is jj~ i *u-£ji - 

y ^ u^" <3 iS j*3-\ — 

AjixllljJ y * I >LjMhf i <J yd ^m^b&aall J t d I — 

T t 

w»U jjl SJa— >I jj (j jdJ ^JlsnjJll jjL^- 1 JJUcJf — 

tr oU-J^li 

Y o t^JL^UUlj li-l }j3-\ - 

Y A ^jjl jjU-l - 
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rn j-ftj-i >U - 
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t Y SJaJLJI I ^11 ij jJau - 

t r j-ii-i j a^LLdi ji j\j^\ js. r *-i\ jJc ^ iijUii - 

it AkJLJl ji*l j-JU jjJ-j 5 j jJaj - 

i° Ja-»j j* *ij** ~ 

t V 

i ^ # jjjibtJl (J^Laft jjLoaij t 
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© t Cfk-p ^11 aL-il j-a JbAl - 
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Ar j-JJ' - 
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A ^ L-ijjJ-l JLJUj ( v ) 
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i-JL. OLJ" j-UJ Ajjjii-I 4^-jJL^Jl : L*jIj 
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J^ijy - j~‘m,..A\ 4 j jiJ-l o'^UUJl : L-oL«> 

jo* U- <^>jLJJ dKi Jl : iJuL-- 
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i 2 UJ £4 

<L«Jl^usll SJU-I gl y~* ( ajjjL^'I o^Lc-li s JU <L3Li» JsJI 4 -S* j^I Lja^ij . ^ g - ^ 

. <L5L*-£JI oUL-aJI jilaiM j.JaJI tiJUJlS'j . jt 

Catalysis s JuutJl^jUr. 

iiU>] ^Jb ^L-o-XJl J^UJI ^ j-JJ Ig-i ^1 aJUaJI ^ 
dl ^ilj wJ^b&l&dl CM 4— Jl 9xSjt iJL-dl 6JLA j ji L»lj ( oljbt^-l ) $1 jil ^yOAJ 
cMjU^-l Jt^mP udspu CM ij 1 **. j—P 0 ji t J^-lj ulaa j* SjU^-l 

. O^UUsil 

Catalysts t ( tlMjCutll ) SjUwtil 

ls-j^) Colj lib . tej> j~> j-» jJcA ^L*- J sJI J^LLJI ^Jj ^jdl al ^il ^ 

( Ilpt yA ejLiy J^l y£- £)La CM *^1 y* jli-^-l J^LuJI i y+-* <• ^L^ yiC JI JaLLJI 
. iJUJl 5jUJ-l J^l j*Jl> vi_w >UJI cJi lil j 

i Jp li— »L3 ^L-«.. X 31 J^LLJi 4 _p ^ j ,JuJI ji J-?rj J-iJj 

. i-JUjull JujjU-I C^U-Udt ^ dUij jjU-l J-«IaJI yS J 

iTjULil #1* j^ £-*■ t 4Jli Jf-LLJI ^ i3jLiu jjU-t J^Ull ji Jl^j dSj£ 
dAJi ->»*_< (H 4 J^bi^Jl ol«U j-glaj j^JLJl J&JLJl Ja— )jJl c-S* jil jiy£j yj J& y£ 

f * 

ji jSt UL^I j£*)j <■ S ' ^.JLaj jl jji j-ili-l J-»UJI 3 j-*j ijLgJ ^3 

^ 4. .» g-U ^IjjJUL J] 4 ; .t. * ■ oljjJUL ^ j . wjj JL3 i^JLaJI j_ftL^-l JjtLuJI 

^ L^*iJb«ju<«l Xit> Mn Q 2 j~~S\ oIjjJLL ^ U-T . 

Sjijj ^31 J^UJl 4 jL^J ^ J^fcSj oljjJLUl 6.U ji Cj\jJS JJL^ 

. Jk2i j-i j—iJ I Aaj . 3LfcPU 
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t 2UU}I joaj 

Is- J~M j—Ju *l>\X**j O jlkil jJU-1 JjiLuJI i~+S J j£j ji Jb*5l - > 

^ ^ * of 2UUJI ^ubJI o t si*—* . 5 j -^fi UJI 3 0 j£l ^L-0-.^J' 
J^Lij is j_j ^ Cu S0 4 oLu j-S j-* 

. ^ t» Ja— ij ^3 4.Sg-jl jj jmoJI oUj-S* oJLmS*! 

0 *A— cA a : )1 ^ OljJ^l <Llsij ^-jJj jl *V j-jL-^-l J-al—P i)t J— ^>j kiXJU-S’ — Y 

jJoJI JtbLJI ^Js LL jJaJI y Jj jJj-l Jd»U 0*)f 4 i- — £*J' 

. To * *U£- JlnaJ 7.S H d£ dUi JU*j . 

X-*jJ\ ^ij JLJ» JljUl J>^ J d\jjy \ Ol Jsj- ( ^ JUJl J jJL^-1 Jj 

. 4^J jiU-l J^UJI L*> ^ j>Vl ^ ^1 JLp Utt ^ 

0 ) (4A> JjU». 

> V , 0 J Ofi t <>U; 

JUOhJl JlptJlhjLtl J J&lfl Ji 



I^^I^SiLjjJI JJasfcll JaU2U«£ 
jlpVl iltc i^<i t*» <Mttt 



jrVUrtt J^Lfc 



A,M 
A,>T 
A,>0 
A, Y V 
A, > * 




SO 2 Cj JL-T ji 

Zn So 4 dJLijJl Ol=Jj~S* 
HC1 dLj^IS'jjJL^JI J&+*" 
(COOH ) 2 dUUr\|l je~* 
H 3 P0 4 llijyutjA Jl J o-*- * 



j\ JL^-lj J-frLij ks j-* j—r*i U--*- ■ fjO-astss jJl* J^Lft Ji' jl JUrj Lja^l - T 
j JL b jj *t» JJLnj^j ^Ajuj 53JL*«_» o^Ulis Isj^la 

J\ J Uju» ; jJU J^US' f jftll J - r —£\ 0 >rj 

US’ ji* J^US' ^UJI 3 yrj j» J-a-UU-.V'j 

_Cu_-^ CH 3 .CHO + H 2 

ch 3 .ch 2 .ohC^o 

ch 2 = ch 2 + h 2 o 











i 5 4 jjjL>- LoJfcj : jj ^JJ ojjL^-I O^LtULJI ^ „— a3j 

: 4JLi*V' jifluu iJbjkj . <L-jbc^ <L JjLt- C-^tbbj 

Homogeneous Catatytic Reactions 1 ( i ) 

2S0 2 + 0 2 — 2 S0 3 . 

I 2 

CH 3 .CHO — >► CH 4 

C^H^On+Hi H2S ° 4 > C 6 H 12 0 6 + C 6 H 12 0 6 . 

CH 3 COOC 2 H 5 + H 2 O " h * /oh > ch 3 cooh + Cj Hj OH 

Homogeneous Catatytic Reactions i3LujImu4 

2 S0 2 + 0 2 ^ > 2 SO 3 

Fe 

N 2 +3H 2 >* 2NH 3 

4 NHj + 5 0 2 — 4 NO + 6 H 2 O 



Prepartion of Catalyst* 

1 0 --* ji 4^1 a, I j ^ JAaJI 

jliw £~s*" • ifrb-flJl ji ^Liljk^u^t jiVJ-t J^bJb L^bJ 4 JLI 4 2Ll&bb j 

5jUi-t . i-JU’ Ljsu! 4-JlC' tij 5 j*£ %*> 

: Jl jj 



^jJLUI jiU-l jAbJli * i-*S4l JibJl jtfJ&JlJiUJl J*UH 

J jXj JhjjJJI jl dJUL-Jl ji frLbftJl JJL» 4fll* OlJU* j .38 4 ^ jjl jA 



j-* ^ j v_^r jll \ ■» ; j.; . jt iSjj£ J CJt ^JLa 

* ^ 

x*r LiL-j-li 1 ^jl) ijr^ 4-^t 4 r -«» oLLijOj . oLi' 5 jla jl 

'J?! J>- OiLj ^S- J-*JU 4 \im.m ;)l 4 ... ill OJUbj t IjUf jJLjUjg jL...!} UjbX^i 

bl;lb ') l-Lflr 4l. t.;p i - — ;j j-flj-l Jd»U iiUall 5iUl oJlaj . jJU-1 J-*L*J! 



dUi j 4 S^-T ^iU-1 J*UJI ^ j-£ jla-I JL-j J bL*«i j . Promoter 

JjiLaJJ 4-JU j-yiJt jJM ^ J^aJI j t ijjUftii frLiJI 

. Support, Carrier jt JL-Jb ^ dUi jl^ j .^U-l 




MA- 



ja Jufi 4jl : jiU-l j-J&c J Ljjj-aJI oLJUjJt ja ju £}La j 

iiljjj iJ Sill! UJ jiLM JwUJI j-ja.* ^3 aJL-ns-Jl i-J jVl oaUI 

jj j^p jt> 4mJLJI 5 w^u Ivors' c ^ ^ 

j\ O L..... y jiL^-l J»*L*JI V'j’tj Ljoul j . ojllall jJl^l J»*LaJI 

<lJsj yu iUsuJjj ^ - •’ j c Jw*L»- jjJLa jJ jl (3 j^u~> 

j--Ju j oJ>~~S *i\ oLJL«^ . 3.:. j ,» * 3jL» ^ jt jUt) 

ja i-J It LULL ^l^ull t-l .1 & jj dJUi jLt*j . 

J jJLgi_4 J jJL?«-4 4JU»! JLl£ i^JJI k*— »I^JI j — 

. C/l 

5 j- Juu> jJLSj ^J| <u?J» c— jIjJI cA~a_ 4 erf J 

oL»jjaJI j i a£LJI odLoJU '*-**£ ^ ^s J ^ J j J 

l ' A -4*. oljJUUl ^JLtf- jt ijjJUUl jl^jLTSi ^JU> oL^wiSflj o*5|L-*TSMj 

Aj j ...V? t It frl j»rSl' iljii o j-» ^. jmW .~ i Jj jJa j£ dUij 

. ol jJUJi jl JL->lTtyl u i-*I j 
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a«j 

Homogeneous Catatytic Reactions 

: Ji. 2L-Jl*sll o*>UUJU Sj-iT Ui*i iiLA 
. ol 5 jf^St OV.frbb - ^ 

• Jji^t J objj^t ^3 ji JJL^ o^£.Lb — Y 

. ob jiLJi J J o^uu: - r 
. dJLiJj-Xil iL-iljj 5ULJI Ol: .fl ,lj^»U 0 j^JLil O^bpUJ - t 

• ^j-^jjJLjt JUjjJLs aJc^I jj bjlAJI Ob.jLJj>AJ 5 ^JLJI O^f-bb — 0 
jjjjJLS” OJb ij^rj J oU. a JjVt £» jt oL-JtjLil ii£j*)[l oV^bb - "\ 

. OUjjj)' 4 Ift^l jj ^j^bL-ll j j-JjjJl j..‘a£ O^f-bb — V 

jj j£j jj ji» ^ 4—JL*uilt bjJJ-l O^LcbLJl oJLa b-JLc. ji j-_J JLiJj 
JbL* J . Jy*bJl ilpbbdt it jil -Lr-1 il£l ILyu-rJ 0 j^jj t JaJLj Ja~jj w-S* j* 

ju^jj ilg .^1 jj oLj j~£ J>j® dJbjj i .j jijjjVt jin ft »• 0 JL-^'l : ^Llli 

H, PO3 + K, s 2 0 8 + H 2 O 2H1 > Hj PO4 + K 2 SO4 + H 2 SO4 
JUu J j jJLil ^jJLP J j£j AjIjlJI J 4jt Jl^>j Uu Ol jJa> ~.«j 

(riJ^ JJ bLjJ Jj . Jj-Jl jjj£j JJ c$>*i byi 5jjJ 

y-T jll Jj^j j J jVl : j-b jia>- J* J^ULJt Ot J* Juj I.Laj . 0 JJl 

: Jj LkS" 2 jJl jAj Jo-jjJI 

: JaJbJl Ja— »jJl jit j£j t 

K 2 S 2°8 + 2HI =► i 2 +h 2 so 4 + k 2 so 4 . 

( J jJL)l ^ ) Jc,.t ;Jt J&«< jit v r -S' jit 

Jj^j jjJUgJI 4 jJjj jjLM JU 5aUt ^ j t 3— uL*H djaail 

: Ji JJ' JJ J-*JJj^t Jp-**- 

H 3 PO3 +H 2 0 + 1 2 ^ 2 HI + H 3 P0 4 . 
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I j ji <da— jIjj CJkj j— £* j— iJl OjjI 6JLw£*l ^ftj : kiJJi y-\ Jli* i)Ljfcj 

: i>\ i$\ ^oa^ la—ij *yrj y 



2 S 2 Oj‘ + H 2 0 2 + 2 H + - 



S 4 Og + 2 H 2 O 



JjyJi pjj Jx-UJI lift 01 Jbr j <1^ . ( I" ) 2 jJI Oj^i jA La jii-l J-«U j 

: Ijb L^i" I 2 ,10 Ujb ^JaJiJ ^Ja — ij j-i ” y L$j w>!jk£- 



I" + h 2 o 2 



JO" + 2 H 2 O . 



I" + 10' + 2 H + - 

r +2s,o^' 

2 2 3 



1 2 + 2H 2 0. 

s 4 O- + 2 r 



Jc-lijj 4 jJj11cj t jjL>- J-*Lt 0 j<Aj 4-jjjk-l ^Lj J^Laj LjjJ 01 Jp j-U 

^ jl4 . U-$-> ^1 iilk y c$*k» ^ y* 4 ^* 

: ^jl US' J^ULJI 0 jiL*- f 



A + B 
oV^Ui-* 



-> AB* > C + 

kJJ k—» j y £li 



: y d\ jkr J->yj ^ yj J^liJI 01 yp- J-*U Sy j y 
jlkl J*U j-j ^5-^ J*liJ SjjWfii Acat kuUI k— > jJl u-T jll jj ^ 



: a^Uail at ^11 



A + cat 






Acat 



2 k.JU k—ij e-S^ 

kJUJl k_*> jJl u-T jAl J^ULJ 4 *> j Vi (AB + ) Cat kJLJl Xil! i^S jll jjj£j — T 

: i-iUJl iJUlldl 5aUl £* ^ jVl 5 jkM ^ £UI 



Acat + B 



( AB* ) cat 

■leJL'i JLlfc * i r S y 



jO - 1 j-u SiUjj £ui j,jSj - r 



( AB* ) cat 



■^> Cat + C ( ^ti ) 



. ijjAr- j-*Jl OLJLojJJ 4... :IU lJj jAA ^p jJl 43 Ik y j -JcJ I 




aju? oV i*g*s «. *5i jt c x>}a±\ oLUJi ui 

. Acat Ja~*> jjl <^S jll 5iU 5jl jlaix aJIM olLxau ^>jil 
^Js-H iJL|LL» a^jU? i) ^JJ\ (AB*) Cat k - jJLaII jJLI ^*: j vLU^ *Uuj 
( AB *> Cat JaJLJl JL&JtU \^S jJLI JJLuju tiJUi Juuj . SiUaJl ^ 

<L)i jjj . ajjjL^ oLJLa.wl.1 aJLUsa Ajuilk Ol jL.: c>\ ^JLp 4-JL^jJI aJL^-1 
jULaII ^ jll J\ jJJ-1 Jy.U uU ^3 Ja-iJI jOaII ja 

: 01 t$i . 3jl j*% Jll jjlk J j£j Xjjii-I oULaJI a,^,$.:j» ^ JaJLJI 

AB* + Cat — >» ( AB* ) cat + A H 



d j£j Ajjjii-1 oLJUjJi hj .1-..-I1 aJUc> OLi ji ,a\\ ja Jii AHi) j £. J L*jl^ j 
J^-L ll ^ Ui* jjL*- JaU' jjju ^ oLJUjJJ Ja^JLujt JiLt A E jIjJji Jit 




OLJL^aJI jS W ,ij jj&- JaLp k-j-JL: jl 4jlk JL£j 

o^teULJl Xs j-a 0l3 . j iTt jf Jja / J j^r jJLS" i * jl J jLc jjL^- JaI* <1>jJU 

i-rji JLi^ A > ♦ X t ,0 >£»■ JaU l>jJj ja jJ > t 

. 4 5 1 Vi a Jjjji r • * 3jl 
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Kinetics of homogenous catalytic ractions 
: oi jJb> ^JLp ^ XfjiJA oV^LLtl ji y-* \J i y r J 



A + Cat 



Acat + B 



(AB*)cat > Cat + C ( ) (IT) 

^JLn. *J> iSjJJ - 1 J^LLJt j~» jt JaJLJl JLZaII J^jJa J - 

IJU 5 jJa> Usui jt . £ljj ^jl JeuiaH 4 2 <11 \~£ ^11 IJui JJL^ Xs> J— o 

-^£L = k], [ (AB») Cat ] ....<«) 

±U\ jULaII ±SjL\ j-SyJ*J y JL 3JLL-J1 Hi Ull »JU 
: ^ JaJLJl JLSaII jit tey* i)\ jJ* .i jis-JLt 5JU-I Ll* J-Ju* dUij 

■ - ( ^ - * -- al - = k 3 [Acat] [B] - k 4 [ (AB*) cat ] = >* («) 

.'. [ (AB*) cat ] = -£i- [ Acat ] [ B ] (1) 

k 4 

(Acat) iu * jJl c-T jil y aJ 4jl ji.ft 7j ( *\ ) |»i) aJMaII jJaJLj 

: yb ,le,t>:)l Jo~*» jJl c-T jll i)l «U» 5 y5«««U iJU-l !jL« ^ 9? Li» diUj 

d ( ^ cat> = k] [ A ] [ cat ] - k 2 [ Acat ] - k 3 [ Acat ] [ B ] = O ... ( V) 

d t 

: j/j dilJu « 

k, [ A ] [ cat ] 

[ Acat ] = — Li — ■ ■ - J ■ (A) 

k 2 + K 3 [B] 

4i*il ^ JA yS y ( n ) 2JdU* ^ ( A ) aJUa* JajywJLj 

j-ju yJl A_w— _J jJl aJ^IaAI tiJUi JUu yGLtjJuJI tiJUJbj • JaJLJl 

dc kj+k 3 [A)[B.] 

— — = — * [ cat ] 

dt k 2 + k 3 [B] 

yS y 1 J^LLJt is- y* tl)i aJ^IaII o jjb y* ja ’-jj 

. aJUaJI ^bJl^aULc jii~\ JaU 



Acat JaJLdl Ja^^lt t^S jJli ( > ) 
(AB*) cat* JautJt jlaaII ^ I ( t ) 




-rr- 



H 2 0 2 

d j£j ^L* J jl*o» ^ J-JT JjJ-rj-J* Jj-flJ ^oLssi^ll >^-' Jl^vJI 

. M6 O*' 4 W0 2 \ Cr 2 O; 2 c Fe 3+ 1 Fe 2+ : otij,! Ji- ^ J^U f UmU< 

jjLi-l JJLmJl jAj IJLa ^IJLtcmAj ^$s— JLmm^ 

Ja— »jJI tw-S* jJl! jj j£j <u jJaj ij j-i J 

Aj jiaJl 0 jjb ol jJo> £&JJI f UJI IjLa ^Lij . JL-Jb^jdl O^LfrLLJl ^5 JaJLJl 

. aJUUsII il jil JL^-t ^ j(ll~0*a jff> Uadi Jxm« j j^» 0 j^j \ 

. £ 4 j£li3 L»..«J d j £ j JaJLJl Jxm* iw-i* jll 1 JL» JpUj - Y 
. jji ^-1 jJI ^Jj «.Jfl-jj \.n ,...«> JJUcu jii— w» Jxmi v_-T jll 1 Jla - f 

. Ja— *jJI iw'i' jll JmT jj £• «.»— iluJ aJLaaJI 0 Jl^J 5JL£J! Xt > I - t 

: JJL*j Jo_i _pl v_-S" jll j! jjj Aj jJslJI oJUb jn . 

1) nA + Cat M 

2) M ’^— ■: .-- ■ * Cat + C ( £U > 

, UpUJlI oLjj>l 2Js- = n . iJLfrLLdl il jil ja tjyr = A \L~*- 
. O^dl J3-.JJI V T^I^ = M . ^-1 J-»U \s j*- = Cat 

: jj& i)\jjy\ c^tf Oli . >U 5 Jjty >UJI Ot d-^j 

K _ [M] 

[ A ] n [ Cat ] 

. >UJL J >* [cat] 0 d-*- [cat] 0 - [M] = [cat] d~^ 

[M] 

• _ *• J 

[ A ] n ( [ Cat ] 0 - [ M ] ) 

: (jl OjXsll Ja-ajM ^11 j^S ji J j .a ^ J*} 

K [ A ]" [ Cat ] 

1 +K[A] n 



[M] = 




-r t- 



. Js— (jJl \ r S jit JJL£ *£’ j~~>' 4JU.«tt aJL^J IgJL&f ie- j~Jl Ot <1^** j 

M= k tom^ >CauC( . li) 

= k d^om [Ml 
= k d ^ m k[A] n [Cat] 

1 + k [A] n 

: juJajy I.U j-» 

. J*l£ j-S* j * £ • bi cmwLuS J^IajJI IJLa ’*s> j*> Ol i Vji 

0 y^-i L*J»jlc- 4jt Ja-^bj n j j*—& J1 0 j£j JLUaJI AJL-* i_Jj Ot t 

Ot Lia^i Jjij cmT jit ^ j£j S-*-U ^1 jj <1>I jj^ft O^i . JL^tjJt {j* jS\ K [A] n 

: \*S jiufi iSj L-J aJUaJI tX* iJj 

— = ^decom ^Cat] 

at jit <L-~ .» -\j ^t jj OtjJVt O^i . «L^l jJt j* Jit K [A] n J y&i l *xi c- 

: ^jiu n t£jb*J SJLjJt aJU i«3j j j£jj XAMisil 

= k decom [A] n [Cat] 

. t j s J*jjJL^Jl X*~S \ J jiJ j^jb-iiit j,£ jii-t JJbcJt c/j/b- Joju i-jtji U-Jj 

i ubj^lub^iZi^l^J .lj/Xi - Vji 

J jjt dla ■*»! jj J JL S _ M £’I (j jjU ^jJbixiit JJLnsit i—itji JU& 

j—J jlSJj ©*l jj* aJLaU 5jl ji-t jJuj ilJDij Cr 2 objjXJt 

» 4 t ^yJj {j * j i * ** > J^tjhJt A-Jj O^i t J^jt— Jt Ojlj-i-l 4»^-j£ ^ 

|iju J^LijJl c£l AmJLJI 5-J jit Ojt j_9tD djUa Oj£j Ja— »jJl c-T jit 0 Otj 

: fJ&A 

2H 2 0 2 + CR 2 0^'(>J-'>le ) r ~ s Cr 2 cff + 2 H 2 Q 

Ja JL > Xu*j c-T j* 

, k- M4 ' 

Cr 2 O * Cr 2 O' + C < gb > 




-Y o- 



■ J j» / Jj^r j-L-S” Y Y , t — = A H IJU 3jl jl jl>-j .laJj 



c-^jit Jl£ J^LLJt i-fr j-*t Oli i J a— » jJt ^il 4j jJajJ U_J»j 



- d [H 2 0 2 ] 
It 



: JiUrj/j 3Lry-l iJiLJLt jt^iCr 2 0^'.kAJt Aa— . jjt 
^decom f ^ r 2 ® 9 1 



^decom ^ ^ r 2 ^ y1t^2 ®2^ 



1 + k [H 2 0 2 ] 2 

t uIJLlJ^I Ljljjji 2Ua*Jjj ju^jjJU^it JUutSi ^bull d$Ufc) I JbbJl . LuLj 

« <Jbjjj yS » (JLxJI Lgj ^Li ) jjb J 2 — J jJI tw-S* jit O jJaJ Ol a . ■ in 1 ^ 

oLijji i ^Jl J j-<d ^pjls^AI JJLhJI 4 JL 4 AJ r lj 

t3j-i jAj <LijJj dj^l • ^ y gl g- ^j j- ~S j-* J«fl_S ^ JlJJj . OlJL y Jjit 

: jjJLj t^S* ^ jjlj Mo O^ oIjl^J jit 

2 H 2 0 2 + Mo O^' - ■■■■ ^ Mo (£ + 2 H 2 O 

o‘»l.J jit Jji 



: i j3b U S J j£sj jJlj jajA 4j jjj Ja— »jJl jitj 

4 H 2 0 2 + Mo O ^ — -----^ MoOg +4H 2 0 

t oIjlJ jit jji 



1 - ^ I J jj j^_S” jj 'ji L*. Ls> 0 t Ol JL^-Jjit (3 jJ ji Ja^^jj 

oij—J jit Jy ji* it j — § . CSy j-j ji: — • jti. j—i'ji t *Sj ^jjO-f^Ji 

MoO 2 ' ^MoO^ + O, 

o 4 ^ 

: ja ia- jJt v^jit I4^J fUJt J* U=Hi dUi JUj 

1 ) 2 H 2 0 2 + Mo O^" v - ■ ■ > Mo + 2 H 2 O 

2) MoO 2 ; ^ Mo 0 2 '+ 0 2 

: Ju L*5* oIjlJ jil <3ji JJL£ i£j-j j j^j U u 




-n- 



MoO 



8 



Mo 0 4 + Oj 






*3|l (ijj JJU 'jC' <JLa > j ol jA OjXjj 

: O^dJUi 



1) 4H 2 0 2 +Mo0 4 ^ 

2) MoO 2 ' 



2- ^ ~2- 



MoOg +4H 2 0 



*2- 



g . - ,— ^ Mo 0 4 + 2 0 2 

t-j^r JJUxiJ I olJuJjll <jy oi jmj aJLa y-T jm yj 

: jUH \ olxJ^li Jy^JLJbr 



Mo 0 2 *+ 
8 



2 Mo 0 2 + 2 O 9 
6 2 



JjiLt o1jl-J j4l (j ji C)t Liul JLtrj Luf 

2 - * 

: l jJb ItS Mo 0 5 jjtj US' ,k.tJ j~s- tUU Ja—» j 



Mo 0 2 '+ Mo O 2- . 
6 4 



2 Mo O 



2 - 



-Tt (3 j-^ JJL£ cr 4 4 mia*j jJl oL-_S'jJll cJ%t-\Ja J5” £->j 

: ^UJl JsJaitl y Mo O 2 oIjl_J yi 0 jjI 4la.<il jj ty^jj 4.^11 



±" H 2 0 2 + MoO*' "± 



MoO?" 

*8 

jjSi JouJuS^4 
laL&j 



-o. 






Mo o 2 ; 

6 

^Al JaJMjimiSjjt 

JoL&j 



2 0 



Mo O 2 ' 
4 



-o. 



MoO 



. LS^> j * i...ij.t«.**i 
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Acid-Base Catal 

irrTJj- * : 4 1 1 *yry- ^~ c '' j-*\ O^UbLdl ja 

t 5^s-J Ji* ( <^JL£li ) J» m S*jjJL^JI olj jjt jt ( ^y.'a.»L>- ) 

: ^LJI JJJ. dais' J ol ^li! JJUJI j 
H* ^ 

CH 3 . COOH + C 2 H 5 OH ^ N CH 3 . COO C 2 H 5 + H 2 O . 

H + /OH" 

H 2 + CHj . COO c 2 H 5 > CHj . COOH + C 2 H 5 OH . 

H 2 0+C| 2 H 22 0|| y i.i, ^ CjH ]2 O fi +CjH 12 05- 

<iia -a\jj OLS* OLjC.JlXy4 

. JS-\ jaIIj OLojjAii J.rtii ^4 JU^i ( JLC-I jt ^9L«^ty 

: ^ jjjH uy^j 

. JjjjjJl £*£ ^sJl SiU! jJk t Qtk+SiiS 

. 0 jJj j«Jl c. 5 aUI ij* 1 5. If Irttl 

HA ^ ^=? H + + A" : iJiU*JUU>dJJij 

JA-+*- J yjj-> dJLfrli 

. JaL-jl** LSjL-JI 4JaLa 1I ji \.*. K 3»lpL3JIj ^ > -* ^ £j^J! Ijlaj 

: US S-U-UJIj uJLtJ-l ^ *UI jl 

HA + H 2 0 - x - N Hj 0 + + A" 

JO**- SJLfrli JA+-*- 0JL&V3 

: Ji. j ja jjil*. ^ jj Jt itjU Js.\jlU yUll JJUIj 

NH, + H,0 NH* +OH‘ 

. * \ 4 

ojku ^jQ <t> ■■— ii. — j!sa^ dJLA^ 

J\ ^fQ~ 1 Al jilj . aJLctiUlj ja*-^\ ^a *$£ j^a cjtlj »U1 £>t (J-— <• Lf j* .it tj 

OU Li Jj JaiJ oLij^M C»...—.li ^ILJLij . 5 a ^-a 0 jjj j-JI jt ^fa»“ 




-YA- 







• J *j*s s* ^jj 3 j J^js- 



0 yjy. ^jJLp 5^111 {.I ^«L£ OjLw,. ■.«*! jl2j ^y U^ t i^J^laJ t 4l 

( BF 3 Ojj— J l JbjjJi dJUj Sn Cl 4 ji JL«aJSJI JUjjJLS' ^jIj Jjl* . 

j^Jaj $1 ^11 ajLa . Zn Cl 2 t±Jl3jJl JjjjJLT ^lij & A1 Cl 3 ^ jJtyl JUjjiS’ dJtfj 

. ^ yr dJUi *Jf l$jt ja j}\ cAJup l^Jj 3uJa-^» i*-Js> 

: OJi . ^ U>j 



jrjj JULuJ £Jv~J 5iUl y i u^A>tl 1 

. ^-i-tyl UjLl« j\ j2z-t\ U-$j 

: dUi Jli*j (j y-\ iji £» gjji if^lt 3$UI ^ i 6 die La} i 

Cl 3 0 + + : OH > H 2 0 + H : OH 

OJLPli 

H 
x 

• 

h 3 o + + :n.xh >-h 2 o + 

X 

H 

^.ja+.r flJU-li 

ja till CM JL4 . frill c-j dw..^5*i vUL} J^Lij jaj JULaj 

ja c-i JL-^rl dJU I ■*■•..< ( Olijjj^Jtyl jrjj «i>V SdAUll 

: ^jJb LfcT j£A Cj\jjy£S}\ ja £j jJl iJUb ^■n.*. ,»j 4jty 



H 

x 

• 

HlNxH 

• 

x 

H 



• • 



• • 



:o: H :o: H 

«* •• It XX •• 

• O' s + :o: = :o^S :o: 

xx •• •• xx •• 

:o: H :o: H 



• • 



• • 



• • 



£jj M 3-^l» dJL=*^l 



ckUIU 
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J ji I y- 1 JA SojXp ^ y\ jiU-l J-.UJI iu^JoJ iLfcj 

: ^JL L^S" Ujujl^ 

: ^>1 jC^i3j<n4^tl?b^I^t4l£tetiuflfe 

C>U 4_k-J jj ^ i £ ji 4-Jjtyl Salll JaJLjJ L*JLlp i ^ ^ - ^ 

• (H + t HjO + ) i y s *rjjX s 4 Jt ji f 

I JL£ b. C>b jjjjJU £U tjL i-J jVl oilil Ujlp l f Lc ^irt< >> - Y 

OjbL>- Jj*l ^*5" jJ ^ypLft-^i ^Jl*CU*J l»JLX- I uljj^iOVl l^wb^lvv " t 

. . jfcJj BF 3 t Sn CI 4 Ji* 

: y\ 4j^C JJ l$.o . .-IS’ 

. OH JjjI 3Ja— *1 y HJjtyl bill jA>- 1 ~ \ 

clj yjjAS t£\ *1b *i \ jj oiUt jja^- p&j t ^itr LflJ a > - Y 

. OH dy\ U* U 

LiJ *1 jil JLtly r U«--L dUij 1 51>tf I <>c t^b - T 

. o ,i £• £jjj 




jitott )(j£ jdZtl 



i Jd-irJ) - > 

d\ .Uvi-j. . jJ^VUL. Ol^jU J>\±\ JJU^JI j~ju 

5ji JJ SJLJLj i_fr j — ~i J i . :; > ^ -*Jl H 3 0 + JjJ--— fJI JjjI JX- 1 j Jjj j j— Jl 

J ^j£> d«^LJt dill Jbu pJi . J jj*S Jl J ) j— *«— 

jj» j j£~! • till j*- ik-»ljj Jjj j^JI 3ji J J J-Jj< ^Jl i* j-*-*^ 

k*-Ul J-wv ^r*-*-*- & J j-^JI jij& £• J-L*-=i ®jjJh ^ Ul (j^Ji^l £>JI 

• Ji U^ tlll Isyr JJ ^yjj* *UI ( H 3 0 + f^y JA ) Jl 



a) 



o 

II 

R 7 C - OR' + H 3 0 + 




H 

+ h 2 o 

R' 



R — Sjljlj 

R = J ja*SS} 3juU 



O 

II . 
b) R - C - 0 + 




frjt, 



O* 

^►R-C-0 + 
H y °^H 




O 

II . 

R - C - 0 + H 2 + R'-OH 






o o 

II . £j-» II 

c) R - C - 0 + H 2 + H 2 O — > R - C - OH + H 3 0 + 



1 >JI & JuzQM Jiflfcl » - Y 

US iS ^U ^pj J ^Li J Ol Jill JJL**jJI dUi JUL. j 

OjjI <-3j— * La 31 jJI d~^L)l t)l ^jJ I j-iL^-l J *-*■ j-5> 

oUj^i^J^I ^U' 4-> U^-j i J-j jjj^JI U j^w ajrj J J^S'jjJ-Jl 

: Ji L»^ till Is jar ^l^j J j*£H ** y**>* J ^s*~SH 1 3 J jAj 




-n- 



o o 

11 ii , , 

R - C - OR' >- R - ' OR' * ' 

HO' H-O-H HO 45 "' H 

''0 s - H 

OH = Slj^Jl ^P Ja— ij <*£ j* 

HOH = OL jj&H I je ^ Ul ( J&JLJl JUull JA ) 

o 

II 

OH- + R'OH + R - C - OH 

<J JJ j Jg—:M jULaII <LS jit jj b Ojl— ppl Jp-lijJt IJLa Ja — i ^Jl i^S jllj 

. <r u* isu 

s ^lall tjjastJ I 

£A <1 kJ Jj £<_»- ^ jJl j-flJ-l 4__JLj s aWtl^Il-TrJt - \ 

Is yr >S JJI & j £*j jV' Salil s-j-^rj* JpLislI t j±\ j* i)j3 jj^ll 

j\ JA *i|jU j j£j ^^P J-Jl ^.i‘ft <U-1 j-fl»^l » j£ JL—0' ^Jl • frill 

ji f l-*ll ,^-^L^I j-i-i-l ^ JL£ . Jjjj ji ^ la*j i JlL-Jjjj ^-ia a Hj 0 + 

. LgJUL^ j> Vju 5 jJq>- Ikul J ( JLJjVl oalll S <£—!-*■ ) SH + J ^-jl£jl 

till ^jj y till iil—jpl Jp-Lflj ja ^L«JI *\J-\ j-iJ-l 2 — jj j£+jj 

. ol j^y\ ja*J ^lll JUJI Liut J . ol^JdSU 

jjLM J ^.ipUJI jjLM j~! ui^VI i>i I fUIl^JLcLSJlJkstJl - Y 

^ ^Jl jjjlpUJI ^jii-li . Ol ja£-\ I 4 -J j*p5 ^1 ijjJ-l ^ ^ ^Jl ^jlpUJI 

0 

JJr l<*-'-.-; 1 Ja — 1 ^11 <— »f jll I Jjfc frJa — 1 l—ajij Ja— « ^11 c, S jll jjj*J iPj— u j 

jii-l ^jJLp JLuXj . Ja,l ;)l Ja-*jJl c-S' jll fr^^k-i J-r^i fWI <^*U-liJl 
: aJL— S y m ji Jfi 1*^-1 jji yi L» Ja — ij ^ j^aJl JJL^ ^ jJ ^UJI ^JLPlall 

nh 2 no 2 n 2 o + h 2 o 

JL ■»-.*._) ^ JJl Jp-\i.'.l,l JU> ^j— —>-l j— iju JjjJl Jp-laj 4 ^ jj JLUJlT 

^ jjtj . ^Ip i£JLpli jl 4 ^jlpU j-flJ-l t>l^ frlj— » ®frlj^J 4 ^k 




-rr- 



: J y*£ c.fl.!rCj Lt»gJ O.Lnj JUajJL^uVI j-* C>L jj^ J-4 i£JL£>UJt 



o o 

II II 

CH 3 - C - H + CH 3 - C - H 



OH O 

II II 

CH 3 - C - CH 2 - C - H 
H 



ls)r lsj*r j* OjJjjj ^ J^UJl I ja ^ ^ 5 ^iuMi 

: (jl j-tt > y OjjI y . c£-ic\JaJI jiU-l 

O O 

1 ) H C - CH, + B ■ 1 . N H • C - CHi + BH + 

. k z 

(l£JL£lA jjL**) 2 ij^y.J^^Ji^ 

: i$j*r 0 jj! lilli Jju J»tLd^j 



O 

11 



H 



O 

II 



H 

l 



2) H - C - CH 2 + C = O 

z I 

CH, 



H - C - CH. + C - O 

1 I 

CH, 



: £LJI dj£sjj BH + 0 jjj j-Jl tJLkixj JULJli Xt j~*j £LJI 0 jjtyl I JL» ^ yu y 



O H 

ll i 

3) H - C - CH. - C = O' + BH + 

1 I 

CH, 



OH 

I 



O 

ll 



ch 3 - c - ch 2 - c - H 



H 



+ B 



: 01 c$! S-JtlJl ^ybj 5 jJa> frJajtj JjjJl ap < j 



d [ J j-Ui 3 



iJUi 



J = k 3 [CH. . CHO ] [ OCHCH J 
at J J z 

>b [ OCH CH 2 ] ^Jl 0 Jj? js$ y 

: IaS* S—jIjJJI 



OC , MCH,.CHO|(B| 

2 k 3 [CH 3 . CHO] + k 2 [BH+] 



: 01 j~a ap j— Jl y yy-jjj j£>1\ 0 y\ a*m4 j 



d[ Jj-Ui ] 
dt 



k t k 3 [CH 3 .CHO ] 2 [B] 
k 3 [CH 3 . CHO] + k 2 [BH + ] 





rr- 



: Uji i>Ub- iJlubj 

: k 3 [CH 3 . CHO] » k 2 [BH + ] J & Ujl* ( I > 

. j- [ l^-L = k, [CH 3 . CHO] [B] 

. f Ull dTJj-Ull jii- 1 iLSLilO byJ-\ OLU..II ol 

: k 2 [BH + ] » k 3 [CH 3 . CHO] Oj£L Iajla ( v) 

d [ JjjJi ) k, k 3 [CH 3 . CHO ) 2 [B] 



d t k 2 [BH + ] 

: Jb U S j£J UJI jiU-l Jo y\Jb b\jy [BH + ] y i\^y J 

B + H 2 0 — ^ BH + + OH' 

. [BH + ] [OH ] 

[B][H 2 0] 

k [B] [H 2 O] = [BH + ] [OH ] 

k B . [B] = [BH + ] [OH ] : J* J^o K [H 2 O] ^ Hx> K B y, yJ 

. , _ [BH + ] [OH ] 

" B fB] 

ij y L$J jfi [BH + ] I a t i * %j i j^*Vl ijjk jaj 

: jl Jj? it J~S\ 

dtJj-JI] = L2_ [ CH 3 . CHO ] 2 [ OH- ] 

dt '• I' 3 J 1 



k l k 3 



k 2 K B 



t fbd! J’JLcUa^l - 

5 jJbUaJl dJLftj . ^ jJl Jjt klJJi C - 1 

. 1 ..n 11 j^J' 1* ^1 aJ t)L L g . » x. j ^P y 

: ^ur 
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i 



CH 2 . OH 



CH 2 . OH 



HO - C - H 
H - C - OH 
HO - C - H 
H - C - OH 

l 

H - C 



CH 2 . OH 



jj£ ji*r D - UJI 


i/jh D 


D - L-j 


= 










# ^d*\ 



. diljjjJt j jjJI OljjjJI j,, “11 Sj^UaJl iX&y 

4-£j— • 5aUj j£+jj . SjjJajJI oLjJLII Joju iyj jt *U! *yj ^ L*l 
Js. X^JU IJU J J^UJI Jl j\ Jfi U^l *i* iiUab JxLLsJI lx* 

: SJUI ^JL?u Js-lAJI I 4£ j—i OjU Of Xp » j JUiJ j . j^S* j^Jl 

k = k 0 + k H+ [H 3 0 + ] + k 0H . [Off] 

£• ( j-* JL>Ij dAJij till oL-c- ^ (►sjj 

5-J-^ Oi Xjtj . ( ) Jjjj j-f - Is—ll Is j-*r j-r-3' 

<J 3j_* i-wj— ' 0 >& *.kj ^ 

J^y- ^ Jrt^-L j-J* J JaiJ j> *1 J ” '-=-=^' £>t 

U-g— Jl jji* jJL^JU ^ jiJl Oljj»Ul ^ J j^cJI 4 _JL«_^j . JaJLi 5 J-tLiH 

s — s^j ) iJ-frUJIj ( 0^jjj-J< Ja*j ) *yrjy jj-ij ^ 

: ^JLi 0 A-iflj jt CM till t)l wjjjjJt ^aj . ( 0 ^jj^J.I 

H 2 0 + H 2 0 ^r: ■■ N H 3 0 + + 0 ff 

Jeutjf aJLtli Jo-**- aJL^li 

*l£ j-*r ,j-3 j--* — T*il 5ji £_ * JL-^cy Jj^l JjJjj-Jl jt A a 

dXI j JLaj Ja— »j t^S* O j£iij 3, fl LVl ^lAjj jj£ jJl^ — LaJl 

OjTjlir-Mlfcj-r J1 




-ro- 



tJU ip J.Uu* Ol OJUJU i»JL«-ftJl guL^Jl O . JLpI jJLMj ^ -^*jl 

04Jb j . f Jj-Jb i j-Jt JIJ-i-»l -UP j-M }-£ jJ J* X* 1 * J V J^LLsJl 

^jJj J~ niO' ipj-»^fc> 4 hj .» ; H ip I ^ J--AJ tl'jJl?' ot LJ JJjLiiJl 

: ( J>4^' jij& ) J-— ^ jj**— frl' iPj-«-»v» 

OH 

i 

CH3-CO-CH3 ► ch 3 -c = ch 2 

Ojv-ju j^ijCsi 

i_0 _^aJI 4 J JJl j* c££l*JI j£— SJI ja 0 j .~.-«> V' J j^-j 

: ^LUT J>y^l jSLi^-Ulp Oi Vi-** . p^JI ^ Jp-UiJLJ 

OH OH 

CH 3 -C = CH 2 +I 2 =► ch 3 -c-ch 2 i 

I I 

hi+ch 3 -co-ch 2 i «< 1 



. j£T iJUull 5^1 iukJt 0 jkM ^JU 0 _^VU JpUJI IJut j 
: ^ UT ^iU-t jji w-fcL tfJUl i> yjjJ\ j JL^lj Vjt *x^ui 

. 0 + H 

k l ^ 1 

CH 3 - CO - CH 3 + HA s N CH 3 -C-CH 3 + A~ 

>U-l k 2 

Sijjr jil B ^ji^l o-LfrlfiJl Ajarj^ djSjj-II jin ■_> jjfb -U£ j 

: J dJUd JUy OJm |»j J _jl^l ji 

0 + H OH 

II k 3 I 

CH,-C-CH, + B ?_► CH, - C = CH, + BH 

J^ljPi 

: t*!r 5-lfrUUIj jte^^l J j tij -by pj 

BH + + A‘ 



% 



t 



^ HA + B 




-rt- 



: J Vlf OjSj J yfj I l»j-i 
d[ ^ !1 = k 3 [CHj - CO + - HCHjl [B] 

• k*5" I jll j *- -2 ^ ^ X> V SJ^IaII aJla J] jli t ILj 

d[CH 3 CO+H CH 3 ] 
dt 

k, [HA] [CH 3 - CO - CH 3 ] - k 2 [CH 3 - CO + - HCH 3 ] 
[A ] - k 3 [CH 3 - CO + - H . CH 3 ] [B] 



: J " ~ ' J 1 A-xljAjt <ul>- i-L-> . U : ; 3 

[CH 3 - CO* - HCH 3 ] = MHA][CH 3 .CO.CH 3l 

k 2 [A] + k 3 [B] 

: J-a*o J yS]\ 3 Uj~» ibU* 3UJUI a Ju» ^yxjjjcJbj 

d [ ] k, k 3 [CH 3 .CO. CH 3 ] [HA] [B] 

^ k 2 [A‘] + k 3 [B] 

UjLi dJLlij . [A ] j*£ y J yal-\ ^y 4jl JL£ JJibtll dJ LA jJaJLtj 

J^UJl ) 3Ls*JLgJt It j_y OLi tiJUi i a tU J ( Jx-LaJ ol j»JL»u 

K 01 >3^1 C~»ti ^J^cL-dbj . J j-* £* cS j' — =-< o J-I ( 

, :JUJ<>UxU 



BH + + A’ 






HA+B 



K = 



A [A ] = 



dt 



[HA] [B] 
[BH + ] [A'] 
[HA] [B] 



: 



K [BH + ] 

: oil It j~t 3L)^Ia 4 ^ 3U . JJI a JLjj jeuyd\j j 

d [ J^t ] _ k, k 3 K [CH 3 .CO. CH 3 ] [HA] [BH+] 

k 2 [HA] + k 3 k[BH + ] 





-rv 



: iLLJ! ibUll aji k 2 [HA] » k 3 k [BH + ] lijj 

d [ Jfji ] k. k 3 K 

— Lz£lL= —LJ . — [CH, - CO . CH,] [BH + ] 
dt k 2 3 3 

. ^IaJi ^wU-UJl jjU-I lXjISL* ^ — j j! lJu j 

: £-03 iJiUll k 3 K [BH + ] » k 2 [HA] OlT lijj 
. d . E ^L = k, [CH 3 - CO . CH 3 ] [HA] 

. f UJl ^.U-1 >UsJ1 i>l 




-rs- 



Ubutl 

Heterogenous Catalytic Reactions 

^5 SjbLi'l J**l j-jb j~rJcS Ja~j ^Jl ^11 Aj jJau \ AA^ 

j-* gfa-II oLjjJ-I l jfi\ j>- j{ i i— jb>vta ^-jJI o^Lc-bLJl 

g-k-JI olijjM l^-ja jj jj oUUjJli . l^-Ja-Aj j£- udsj%3 2iUJl 
Ojjiaj ^ Oti JjM IttyL'J ^3 3jl jJ» I di* 5jl ijyUajb u-^LoJ 

. Jbj jAj>*Vtj iiJ JL^j j— JbL-» 4 U ...I jj Jau^jJI v-^^il 9^J dXJi Xmj 

IJLaj <^lxULd1 iljil jl^I Ja—jj u-S" j»4 0 J*»bblj i Ajjiaull dJigJ t 2;bj 
: Ji* oLS ” ja ^j£- 3jLx OLS* jilj tJa.jii j J x~* jJt ji' 

^0 

Pd - H & Ni - H & Pt - H & Pt<J I 

jl 4_oJ I aJ jjLi'l J^lx i)1 jJLtcu j^JiJI jjL^-I OL— jLjI ^Jl U jiaJ jJ 

Cu, Ni, Pd, Pt ja ^bT jl yjL»J iUbuil jl jil j** jJLS*t ji jl?4j £• LJ L ,- * . *T 
AjIjiiUlTj ( jUoj ) orjJ-fll oUL^ ^ 3jbL>- J^l^c- j-iX. 

(.111 Jl>o| Ob-Ux ^3 fX *-., m j AI 2 0 3 f h— 4 ■LmmS'I JU& . ^y-jjJ L. ^ . 1' 
ji j_* L-«~j . ai 2 (S0 4 ) 3 ? yVi oLjj— r uu»L. »ui ajijij 
3 yaUill ala ^-iJj J (ULI illjl OLL*fi ^ jjL>- J-»U j-+ju jJLf* j-£jl 
j^£j L_gJ^{ IjJaj Pd Pt Ji* 3JL~£'jll jx-^I J-»lji ^3 bbJL£ 

. JbjX^-l SJLmS'^I O'Ax-liij ^3 ^JL^cUmJ IJJj t j~9!L~S £* O US’ jib 

: L«jT jfebxll JbJL^t JLj-^Tl AJSeu^ljj (.til jti jJUi v jJLtf- Jti*j 

CO + h 2 0 Fe3 ° 4 > co 2 + h 2 

Jjl X\i ~i\jj_ JjJL^I J- rt Jj^L>u ji JxL 3 :,ll IJLa ^ij 

: ^Jb L«jT j ytj£S\ X*, ~ K \ 

4 CO + Fe 3 0 4 ^ 3 Fe + 4 C0 2 

4 H 2 O + 3 Fe ^ Fe 3 0 4 + 4H 2 




-r*- 



J j~a*X J UL*w J> Jl J^\ ji\ JftUJl 4^ at jSUj iiliil SjU^I >1 ^1 
J ^ dXJi JljL*j J_d^-| iLp U m»> 4jiJLL?t_« ^1 jj j^JLc. 

jiJ-l j-»U- jLi>J £U Ji* J ^ i\ J* j~+± ^U 



Cu Jli* 

c 2 H 5 . OH ^ CH 3 . CHO + H 2 



: ^X» US' *i*-J »j 



Zn O, Cr 2 0 3 



Cu JaJL: 



CH 2 = CH.CH = CH 2 + H 2 + 2H 2 0 



^ 

ai 2 o 3 



Na 

^ 



CH 3 . COOC 2 H 5 + 2 H 2 
j*- ! 

(C 2 H 5 ) o + h 2 o 

c 4 H 9 . OH + H 2 O 
J^l 



^ sJusj ^ j>b* ab£l ^ JxULJl ^law.) jdX-l ^UM j-jLJIj 

UJ? j . i^L-nJi ^ LJLaII 4j\ ^ ^bfCL* j^i ^sJI pj»i 

OL-S* jJLI Js-j jjk Oj^j t5J_ii-l . : V^ft j_jlsJli . Jx«* jJt jXl Aj 

. Jyil jaJIj aJL-^I O^Xc-LLJi ^jA 4 life .<i jJI 

t I 

i! jil aJlAj j-i-X-l 5_JUli L»li cXijJ ji JJLii al^ll j&ju 1)La 

H 2 S . frli X - . iJj-S JjL» Co oLjT j— • iljil AJlA ^*j i OLo-» — »il 

-L; Ti J j\j i HCN . (- SH) OL^S* CS 2 iJlj 

Jd» Hg ^j-jjJlj i Br 2 i Cl 2 i I 2 Ji* 5 j}~\ t CO Jl 

j>i-> jJt\ oLTyj t Hg (CN) 2 j^>il iJW.j t Hg Cl 2 

^JU 4_*1 Jl AdUl ^p^a-^y X»v«u jJU-l J-*L<»JI p.,^rjj . jP^—p jJlj ^jJL .g allj 

a-«»— — . U SiLJLJ ./? , :4^(1 \Jub QjJk j ot L»Jj . ( 4»iw^i.i»X1 jl ^ oJs^j 

: JU! JU1I ^ y dUi ^ j . jJ> jl 




^S 2 Oyt Jl CO Jjj ^J l jl T ~S\ Jjt a yry $ 4 

> j* AjsLJiJ 01 . Uf-Lidl OljljJl y J » jijiA ji i*JUd JUu Ajw?j JLx j 

j' H 2 S 4>~r JjJ-rfJ' *44 j-£ ila-il^j j-ftUl (»-»— w| t»0iP t ^Jj . i) >$-*-! c^y-i 
a^UJ jJVJI ^ JULj ^ JxUJI IJL*i PH 3 cr-SL^yA Jl 

• <J iy 



0 

i *Ap%* oU£l ^ JxUsJl y ^ ^».~-ll jiU-1 JaUJI ^iJbu-* *1 ULa-Ij 

J iji Jjjja-JI JujjiS a^-jJLa tLUd (JImaj . ^.»..w.i , JU aJI^I oJLa . -Jj 

jJa>- OUP Aju jjjJ jiaJI J ^ £—*■ }A>- J^US* <3>» Jd j~f' 



H 2 

C 6 H 5 C0C1 t^C 6 H 5 .CHO 

J jjj^-JI Jbj^iS' ^ jlajlHjaJI 

c 6 h 5 .ch 3 




: ^Uf 

c 6 h 5 .ch 2 .oh 
H2 

Pt 



oL_f jj* 5 a_*£j Pt Jl y>—J j Lfi AjI JxLisJl IJLa ^ A?rj 
. tj&i j^k ll j^ f JI (. ‘ ,»J j\ aAx Uu II ^1 jll {M AkUfcj £U*J t C-dj^£j1 

L«^j JL^aaJIJm)! Lg-J qsjj ijdt S jiak-\ jlx JxLLJl c31aj| aaj jJaJI OJ-gj j 

• 5^ 



JxLLJl Oli t JjL?- Jj*U_T JU ^ Lgj JUX 4jt JL^j dJJ JT 

jl H 2 S JL.gJl JL ‘ . ft AAjli 

Jjub a..»1 Jj JL^-I 01 <XJr JxLfljJl ljUb ^ »-^s)l lJUbj . frill jU%j 

l£ ^>1 5 y JjAJ- 1 ^br j-=— *' • -4*^ -4“-d 0 j£jj «44 j-*^ 

aJI J jb-V dUij J>l— v Jjfcj 4— lx- j^-jjJU^JI jl^J j>J OjJLJ-I Xyjj-£ i}y*J klJJij 
iyry aJ 01 JxLajJI IJLa O^i li jXij -j L»^j . jujl4I ^JJ 

oljUJl i^flj.A.4 ajI JxlijJI 0 j^L» aJU-I oJLa ^ j fill ^Lbw 

JLa 01 Ljsjl y-r-i b»-S” ■ |*-A~~-lJl tijJL?- iliJvbj J-*LaJI ^ ji^J 

jjuJl -L~-jLTi ^jAj j . A ^ Oi L ^ .J k .». j j>l ^1 

. C«j j-^Jl JL.^Tjt ^Ij j 




Ajj-Js-aJI JxLAj ^3 aljll j— Jb A_^1 j3 L +S 

5*UsTi JxUj ^ Uajlj JL^S't (3 ji JJ-£ JxUj ^ dJJ .AS'j J-Jjl 

dales' ^).l , h . *^ I Ai.iL.Jl aj^AjJI O^AxLLJI ^jj C«j jm^JI 

ul—J £b»jjjJl £■»*■■«. l l 5iUl ^jA aaJLltu* oL«,<T oJL^t A—»ljjJI o JL a • SjLA^- 

- J. 1 SiUI j~ib 01 jj-— Jj 3;U1 <L r aJS > j jiU-1 2LJxli ( j-j a3^LaJI 

jii u~h • il* Tj-^r o ^ jiu-t ja*ji j\ JUij jy J ^ jt aJlilIi 

: £jjJ 1 aj^Aj JJ j-J*>U 1 ^dl iljil j*--Ji 3 J&+4J • U ^-Jb 

. LfjUj^l jt Ol jJLaJI Joju oLS' i ) 

. A-j^U jt aJLj ikjlj ^JLx (J ^1 Ob J j^"1 ( V ) 

ji As jt jj-fl— *j-AJi jl j-jf Jx jJl oLl* j4-l (-r ) 

. Te ^ jj j-JLJIj Se ^ j . «JL . »Jt i c-j j-£J 1 t i Sb 0 I 

O^J LjJUjjl i d v-3}taJ1 ^ oUjjj^Jl jj— «-?■ i$y^ (jdl aljll Ot 

ji ,yjjx£j^l v r --S'jxJl ^ d vJ^AaJI L$j ^aJI al^ll * j**_x!l A^^U* L$J 

x& ^ r++ f J^-* d ^ J*43 OUjjX^JJ £>jl ^ix c5>^ 

* 

^a~*J1 t^y^u (^Jl)I uT jil jj Ai^Ax JLla ot Ljsjt L*S* . a.j^..j 

Jxj» c-j j_«£J 1 oL^ jj» y* a!.JL^ dUi a_**Ij3 C-x j j-<L^1 J^Lxj ^L*JI 

J^jlillj JbJS'Sll Ar~! ^ j H 2 S J-xj ^ j CS 2 tiy. j&\ J >~i j-$ jyb 

: ^ Jrr?J t *^j-r^' Jjil dDji' J 

OjjJI Sibjj ibjj ^o-.^ll j^JLJI Ot Ja^ jJ j_jL>- J^bcS* ^-j^A-JI jLi-l JLX ■ 

JJj |> ^4 M J1 j-JLJI Olj c Jl j .si ;.* 1 1 JLx ^£y~>*j i^JUl \^£ j^JU 
C-Jj-r^Jl flji AH? j jlj i OlJLgXJ AXj^^v* ji aJL-JL-JI J fl^Ljj 

. s^SJS vw JJLi: s^JLI ^ 3^UJt 

ji Olj_jj ~ ^ . il fjyx£ ^jJI OV-XbLjl ^^OAJ «.! j-rJ Ajt O^-j Jjjj ■ 
i jJL^-1 J^1 j*JI ^Ja — j { jXt> 3ljll ®JlA IjLaj ( Joju J Jsjj . Ajji .Ja »)1 3l ^11 ^JOju 

- VSLJLJ1 j Ui* /^l - lO-JI JUjcl^I a^x 1^-iT dUi daa^j 

. Jj>Jl SjU^ 




-t Y- 



^a,^t JJaj Ajj.’fl oil C/^LaL<LJ 1 «JU ^4 <LJ \jli_Jl £)1 LiuY 

^ jji^r r ^ jlii Cr 2 o 3 f j/ji jl_t y j jju-i >uj» 

. C> 1 jjj j4 j-Jr jj J—jJI 4JI3J 

i .isiu ^ 1 a jLjJI olji ^jl»j . <Lj jj j^JI LULJI j~£- tS j^Y ^y* -JLukj 
a L* iJljJ . jiLy J-»U5* 4JL»,»^««>1 jla iiJMj JUJL^-I ^k-* 

LLaJI J-c-UhJ i-JL j m ,S alj£ Am^La£ dllij Jl ^k— Jl 

i^UJbsIU uhGUUr. 

01 j l^Aiii j£ ui k kj 5 j_-jC j>- LgJ jk^-l J 4 I yf- (JLkk* i)Y L£ L*1 a 

01 «L*r 44 La 4 .a .a ij i JjL^-I J-»La kJ^jLr-b >JLkn 3 O^LaIjLJI ^^sjcJ k-JL^Jl 4JU0 
oV-aLjLJI ^4 AjjLiiL; i_-JLsxiu j-JJt C/!>LaLc-i)I ^ SjlJLj Ji 3 k. .lull iJlt> 

: ^*ill J jJLf-1 ^4 ^wJbij Ui' 4_«jb»i£ll 





u,^:7f<2a/u 




t>Lc 


JeUutt 


3<1 tfjtX* 


3«jjy <tl 


> TO 


oS 


>A 1 


Pt 


2 HI -> H 2 + 1 2 


VS 


> * 0 


Ui 


Au 


— ~ ~ 


>t 1 


>Y ^ 


T to 


Au 


2 N 2 0 -> 2 N 2 +0 2 


T T T 


>rt 


Mr MT 


Pt 


•W Mr M» 


nr 


nr 


m 


W 


2 NH 3 -> N 2 +3 H 2 


> . 6 


s t > 




Mo 


M *W *W 


> * t 


no 


Mr 


Fe 




TYS 


nv 




OS 




> * 0 


rr* 


rro 


Pt 


CH 4 — > C + 2 H 2 


> AA 


■vr 


T 0 > 


Pt 


2 S0 2 +0 2 — > 2 SO3 


>oS 


ST 


•w *w 


Pt 


W Mr Mr 
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* 

L-JL*jdl JjjJJ-l SiUaJI j-o 5j%JI JLi£ Liyt dJJi Q.'a.'ij 

: JUI 



A 



AJ\Sa 




* 



JaUuII 

iLiU* 2 — -«iL>i_=il OV> frl a :.H <L_-»l£jl JLillaJl jt ij jij 

^jj . JutLJI al jil iitk j. - :..-* Juaj oJL^Ij 5^» ^jic ^ f 1 E hom 

aJUsj JJ^oj ^jjl jJLfrLibil il j_JU jlj^») <^>JL»u i — Ojjjj-I o*>U-UJI 
ijj-ii-l O^UJ! jt’ <L*Lt SjLoj Jil iiUaJl 0 j£lj . E a£ j s JLl-JI 

. JaJLjl ^Tl ^uJJ jl^l Sjt j*> U-aj JL-Jbcd'l 




-i i- 



jiatiuUjM 

^L»Li j \j\s> I j Xj jJsj ju» £)t ^ 

: o\j jJfl-JI aJla . I jjii-i olJLa-P t*JJi j 

. *k,Ul 4 j>J- * 

' . Jo— i j ja 2j jJaJ - T 

. ^ IjiJjuJl Xi jiaj — t 

. ^ ^ a^sflyi a,,>Ji - o 

.auA^tijCjjti^^ - Vji 

': t >r^j ^ b f jVJ 
• • jii-1 J ( t ) 

0 

j»i* ■«!> jlj ^JJ ^hMtll ^ a!; irnfi 4JUpI tLp 

. cij^ ji jhI^ 

jjiJ-i J-.U y> j JU tf jiJ-l JsULJI^ ^ ^\J&jy\ Ot t ^- K } JLdl JSLiJI j 

. iiUoil b *£ j^JLp ^ 



: 3^1 oL^cJll J-a*J SjI 4*-j£ O j-j .UP ^ h ypi Ji oJLa j 





-i ©- 



ila — >( y vlii y iifjJ U* — i 



Jpjj- J-* C»U*£J1 iiU?] Oi JjL-JI jXiJl g*a. t jj 

JpLUJI jli ojlcULS'j . '/.A V * -».ij ( AjjjLM LJL&LiJt ) 

Jui_> 5 J-ij JJL . 4 j j_i^l 4 .IftLftJI ,lia..y iJ2y <j jJl ^»-»— -.U J^LrJLJ 4— >-“11 

: JUUI ibUll JJ JjLJI £iiktj <u* iL*r JiV J j*i\ iit^l 



Apois 

Ao 



1-aC 




. r +~l\ iiu>j Jjo ( JUUUII ) I -feliJl = Apois 
. (♦_— Al 3iU>l JJ ( iJLc-UJI ) (j jjU-I J»LU1 = Ao 

. J^u* = a 

. ( ly s-S* ) »l l j-S* jj = C 

J jl \j£j J-aUS” ^UuJl ila—jl jj X^jJUb JL^li dJUS ^jJiJ 

. JjLiJLJ y - » . -J ^sJlj il jil ^ JLjU— Jlj Ojj j^JI .L,..-.- < Tl 



J^Lij ^3 CO £)jj j^Jl JjV jl jmjLJI U»Ij£ C-C JLaJj 

bUr-frl JJL ^UuJJ JoLuJl ot JUp ji . ^jJLc. Sjpj-ia 

: US’ ^UuJl Jt.j-.~-5r? Jjt j^T 



% A a P0,S X 100 
Ao 


tybiuJi t**/CO^K» 




»* d 


Vr 


» • A 


a ,r 


,rr 


v,v 






Mn 


■i,r 


V't 
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^ 7 .^ * *15 CO ^(*— «» , * G Ol dbi 

juj CO j-4 ^*|*--» > « ^Ijmj ^-LJl Jb- d^JbiJ i^JUl CJjJi 

* ' 

: US' t£ ja^-I <LtbiJ i-»L^ bjj JsuLdl ^L-JI Ijbr t-j*r dJUi 



> * * X r , 



. 0 



r (*-x* S * * 



— ^ Jojlji ^la— n £•<* y. ^ * 



L»l ^. o — ~i aJ L»*b- (^JLJl JaJhJt .«)! f.jjf-1 jJLp t£Jb j 3 4.n. ; .vJl eJUfej 

. iUbbdl a! jil jl^.1 aJ JLili jiU-1 JaDI jJa-. ^ib 

j-fl-p- J^UT JXaJI ^ ...J L^a» j . aJL^-I e-L$J I^jLL* is ilL»l i 3 L* j 
ut j-J uDi j-jp- jj J-4JI J-rij-S p +-~l\ fldAi — j dUij^JLJyi i^-jdA JaU; 
^■Db jl jaD 7 1 ^ lJUr L$a» tj-f- <d>JL£ b_j-i_»- a lad J1 j_fl jJl! 

f \ jil . Li yi\ J—&J- ^ jib- J-»LS* JbjJ-l fl.bcu-1 ill*- Liut j 

. 7 , ' ^r-^4 {M— J ^ L>JLhj bjjb- iJaJLJl 

Jj»L ^ia—j 01 ^L r-v.^ 1 ^Jj jj «H ^Ltj JLIji oL J jJUI ij-r-** b? 

LJpLL LgJ L-Tl ji 3 j\y^\ y£\ j* j-j 0 j£sj Jj . ^L^us-* j—a 

# 

. AjuOa* b J jL»* Ala Ai j» 0 ^ jJl jA Jali 1 fl > * ; 01 j 1 4 aLau» 



l».»..*.LL) oUjj^I .iO oj ^1 jjL^-1 J^»L A_Jlp\i ^ 

jb Jlji^-J L« Iji JbUi . ^ ».»w^JU ^jL*mXJ1 s~*£ jsi\ i ji^- JL.*ju aJlAj \ g *nin «i» 

AJLUb 0 j£*ij J-^U-T aIo^Ijj J _puS*J Jj .lyijj-ai — 

J— 31g .^Ijj JiL_JI a jjg njj Jl J^-A (a f «— ~j UlJj J^— Jl 

^ O L UJ I ^ Ja« jL&t jiJI ^ cu jJb 0 Jjc« ^j» J.^, ill a^.j,. .j LijDf 

. 1.W .t..'i jjL^-I J*»L ( ^JLf’ J ■,!? pU LD3 jl a . ^ j-— iiljjJI jt ^ ^ 5 j^oJI .l...JTjjJLa J jJbu* 

I ( v) 

0 i j LJip* ^ . ~ p- t^l jl O^Uw* £t£u«i ^JLc- otjJUt 01 
OiLAl flJUb ^sjuj t l £ « . -i.'S OLp-ji lA-Lpuj dULS'j <JUaJl L-^b AjjV .. z A ji 




-tv- 



1 2 L»U CM (^jjJULJI ji d£ a,,* ..bit j^UaJI jt <L w.^bH 

4.^i fljj c b fl . 9 -L^-tj XjjJULJI SjC. J.A.~ a 0 j£j \ g. ■* f J e. n .. J \ 

^yi JJL* jjXj *i 3 oljJLM Jit SjjmOjj . 3^.JU ol 

^ j' j-=^)n u.-b cr ii 14 J oijjut jjt> 1 ^j^ii-Jt 

4, • , . A , » j olji C OljjJI j--£jJI JJ.U j—i j gub~* 

>»3 ^-^fl ^3 j . ^b.«.ll ^JLc- ibjjJLLJI 4jx.; ..till ^yi aJLl£ ^JL3t 4b - iIjj 

. l^-nb .<» ^JLc. <Loix£l oLa jJLJIj . Sj^JULil i.'lS'jl 4b jj gzij *JM jJ^I Xlc if t 

C>L j UjJLLij ^, r .JL-;.ll Cib^jj jt jjjJLj ^jfljt JLiJj 

Jit dJULc oljJUb x*- >; ij-~3L J! i-JUUJLi . 5 J-t UUI ^ iJUUJl 

J^rt dUi ^Jl OljJDI S^JUoJt x^aJ-I LJUUJ1 UJ 1 U-U oljilSj 

. UJU OljMSo 

aJUtSsJI aJd^JU JaJLi J&J jj *i 4jjjL^-I oLJUjJI jt gvj?jt ^ Jjt jjb jjjJ-ij 
j-» ( w>j L$J ^Ij 4- j a. . . •i . l l OlxjjM ^yil JaJLi ijjju li Ij c j-ii-l 5iU ^Jo— J 

CJlS* LJT 4-JU \sj ± » iilb CJtf 4jt U J*\ L^JU» OjSj tft 1 iilkJI 

. ^1*1 J*jA« UaUJI 

Wj olj^ULJI ^ ^ jlj^y jt jjjU J* US' 

. ^k-Jt ^yib J* Jt&j' jS\ dj£j 4rfj>UJI CiLJ-l ^ 1 * 

. Jjj&ZjjIX - Gjtt 

t ^LJt^LwVt 

. ^ ^SJ UU 4iU JJ jr Vl^l o^Ubuil ju* ( t ) 

. j-u o^uusit jj wiuj i-jvu* ijiyi jjjhj ( o > 

. C-jtj J-* ^yb— IJ i^S jA Oj^^j O^UUill JL^-t £• ji^-< J^U (-r ) 

. o jikil w-S * ^11 £u*j j>T JaUj ( i) 

. j-— i US' otj^» 3jla aIaUJ ,ji - 4 ^ j>t 3 jd» jil^t (-•) 

: <y t* US' dU i jt~& o^+ij 
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J*UJI iJUb J (AB) ji\ JJJ&A (B) o*Ul £»■ J*Ud (A) S^tit jtjjj 

Js. J*UJI d>a*-i (S) dUJU . *JU lilt JJ 

Ix_aj (AS) ^ ^ (A) (S) x.9%ij ( I ) 

A + (S) — 1 ■ AS Ja««j Sf£ j* 



(AB) ^Sjl\ Zjfru (B) 3*LU p (AS) JpU-rf pi 

. ait jj a-i^i ^ >u-i >u 

AS'+B >■ AB + (S)>^1>U 

: ^ US’ dU* ^ aM»j 

* (Ja JLLujjj&t ^a4> - Sfji 

» 

j£ dUij i i—^Lo ^J| j jjJI ) *Ju jiaj L J\~p d Lj-' .j j^Jt Jz*-*- fZJ 

^ J1 a~— -S*' dJU *rSM £• C-j *-~S\ ^Ij iL^j Jijt 

: US' dUS d>aj*jj . jiU* J^US* dJ^ y~Jl Xf~S I Sj*rj 

j~-rj - L~.mS t Li j t j^S\I\ £• dLj^—Jl a . — K\ JL* u y ( i ) 

. (J 

cJU c~» j£l\ a r .« S jt ^iU^* j->rj^sJI d-— jt^iU (<-») 

: ^jJL US' dLj~JI JL—i’jl jJtj Jd»l £ jj*cuj d-jj-XJI X—T ji 

0 2 + (2 NO) - >2N0 2 'k*jt r *> 

2 N0 2 + 2 S0 2 > 2 S0 3 + (2 NO) ji^l Jd»U 

Jl^t* 4>* ^6 ^6 • CO . C 6 H 5 Oji-ijjdJ 1 j~*£ * 

dil jf - Jaj ji J^Uj > jjjjJl UJU ^ (R - CO -) J-— T 
: ^ J^UiM I a* (*-=jj ,jSU}Ul f 

J*-|J J-* UjX* ^LaMI £i JjjJiJl UlJ^ J^-LjLjl; 

t 

-~il li j£* jj j-i-JI £» turf jJI J^l ,i ..." j L-* j— »j 

: US' dLjjiS'jja-gJI 
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C 6 H s . CO . Cl + (AIC1 3 ) > C 6 Hj . COCI . AlClj 

J^Ip \-S yt 

C 6 H 5 . COCI . AICI 3 + C 6 H 6 ^ C 6 H 5 . CO . C 6 H 5 + HC1 + (AICI 3 ) 
jOJ-l ^ ai ^ C_j UU C^oi ^ >JI oJLa d\ J\ L* SjLiy jJ-4 j 

joj^ ja Lijj J-— >*ifi ip j-^axa j! J — 4 jjl—Jl JpLcjJI ^ 4j! U S 
(R - CO - ) ip iU Jbj ip jajv Jbu R. COOH 

• Ji/ jt J-^I* Itj+j;* SJa-3 tft 

: - &D 

ojU jjU-l J j^p iJl>- UU ftJUt JjJajj 

. OljU oSpUsIIj i-JLp 

t I 

jj j£j jj jJ? jp dAJi j*pj j oJu ^jJLp o*>UULdl ob}jr jJU-1 ^ 

. jiLM ^Ja-rf (jJU oZj^- ^il \L*J& i J l~» g C Jajljj 

^ j 0 %p\jLJlI .Sa iu jlj^v iLpLLail il jll ^JT y - Y 

IjuJ ) JplflpJt ip J— I liDJlij t J»A^I J^lP gtJa** < jJLp l $ 

. ( iia^Jl J*i i) jjliJ 

I 1 2L>»J J^ft t 

jJa^i Jp JLi^l i fH £* Ji J* JpLjLJI !•*-» 

: JL UT ojU^ > 1 ^ j£~Jl j\ 

js*r jjd-jJl olij 3 ^ j olJ j^r j-S^J - > 

. j-ftUI j\ Jp 

5 jJ-\ Otjsl&Jl jy> jl ji*) ^ Ij-j - Y 

J d y.jA \ Jijij L^k-JI J^LJI OljjJ 

^ : * > bJ jJl c pij J— ^ - 

. j~Ss jj jJLJb^l cf j^r iiajl jJl 



h 2 c = ch 2 + h 2 
//////////;;///■ 
JSLufl glaw ( \ ) 

h 2 c — ch 2 +h....h 



7 / / / /yry / // /;/// / ' /r/ 
(^) 




- o » — 



h 2 c— ch 2 +h h 



f r r 1 1 r r 1 1 t t rrr f r r t r r 

(T) 




rrrvrtnntttrtrrrtt 



(t) 

h 3 — ch 2 

rrrrrr/rrrrrrr r 

( 0 ) 



jmj Jojtjj 0 j£sj dJU JLTj 
1 _ ■» U-Jl oljJLi 3 j— J-l 
ikil ^1 cJ jjl 

^ ikjl j jl j^fl Vjj iSj* - r 
*Jbl ^i^Ld j ^>=r 

. Jadd <jji 

t>sM^ Ja^JI 4^j jJt " t 

jjJUilJ A a m * ■|‘ < *^ Si “ ® 

• 1 



t (jAbOCillj JJaxi t %J^tVu ^Al 3&alt jAi) ^Uulu 
LjjJjl jjl dUif j LiLia jJL^-l J-*UII 3tLii' ibjJ - > 

. jlli j* h .«.H OibjJ 

£• oLbj 3 j^-l oljjj_^J^I Ja-3 jj jili-l J-»UJl 5J L^- ^ — t 
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jibtil J«WI 

JjiLaJI j . .a £■ j ji 9 JjLsj oL-jIj jJI ^JLc S a i a i .fa*? Jjljj j£j 
j*-jj ^JU- -U-L-J oL-ljjJI a 1 a Ji* jl ^1 JLALaJ c ( Catalyst jljLJ-l jl ) j3\J-\ 
j£> Ic-L-aM JlI jiU-l JoIaJI «<A,~Jg ulIsauj . JoIaJI JaaJ 

y~*-i oi j-iitl ^ ^iU-l JoUJli i <u j-iiM jp\ jiS U ^ jlaclmII ^it^-l JaIaJI 

f 

. if-LuaJl ^ J.» w...AI Oj. bu LoLi iJLLi 5 jilg- ijuubj 5 j^a— g ^ — ^ ailc- 

aJLa 3 ^pJLajj J-JUj ^JLfr J^ou ^^Jl <_*5I j-iJL i-t j— o ^ j^sifcl JoIaJI jjLoj 

Lo_T . oJLg' Jil ^y^LuaJI JoLaN c-51 j-SJ! j_-ib &j£j j-s*" ^ 

3 jle ^Ua jl i| . 4^»U ** s-j1 w>*5/La w» u-- m.*tj jiU-t JaIaJI j , .'a €■ aJL Ja *JLLlai3 
j - ■> ^ 3 J* J' j-^Vl j-i£\ ji caLlpo M jJU-I JaUJI j . ..if? ~>vjJ <Lo»L?» 

. jiVJ-l JaIaJI 

: ojti^l JaI ^aJI Jle- jj JLa 

^JLM i (Metal Catalyst) jiU-l JaUJIj ^ jl» ^JUI * J[$Vl ^-Ul 

» * 

i i .» ^JU> jl c jJLi L < JL. jt Uoj j— i JjC.^..> Aj\S HIiai** J j £. j 

jilJ-l JaIaJI j Jij . J-Ua jt ^k-» ,^U~ j> <Jys ! Js*j 

^v» jiL?- JaIa_S” ; ^-iS” I jl Jl jJL# » •; — j JJj . Ajj jS> jl 4 aJLp 4JLtu 

. JjVi ^>JI 

^ jJI (Compound Catalyst) <^S JLI JjiUJIi 

Jl ^jLiJl Jl £j\~S Jll jj* iJLP ^^JU- jl j * jj JLa>I j *^-5" L»] Ja-sJLj 

J^IaJI Jll jl?-I jIjJL* J Jij . tjt-S ja ^s- <-£ jJLi jiU-l JaUJI J-fr.~L.to 

g « 

^ jljL; j w S’ jil ju»-i ja 4Lt.aH i^-^JI ala Jti itJLli \j^ "j'-j-a Jll ji\J - 1 
,jj jiL JJjllc- Ha o-T jJLi i s^S jil ^iU-l JoIaJLI jj\J-l JjuiJI jy-J- j o^Lj 

J.A -.& > j 5 j-S u-T Jll jiU-l JjiIaJI ^ j -£ jil ju»- 1 i--J J j£j oi j . (Promoter) 
(JLt J-frjdl dUlTj jH^-I JjiIaJJ aj^pJLI j-s- ( jp\ Jpjlj o-l^ <JujL * u 
w-T ^1 ^iU-l J-aUJI ^9 11a jl\ ^ Ju . yU-l JoLaJU iJb^l ^1 ji-l j. .-.<■ 

. (Carrier) JoU-l jl (Support) jI-JL 




: l^ubt j* iU* Js ji\^\ J-UJI iJUi x^ju US' 

. i ; *iU — H — Y 

. a«3 jII oIaUJLIj jj < l. » S * j Us — Y* 

. jU*i-**5M JUS *Jojj3 ib jbj tjS jj - t 

: Igjj* olJU ojs Js jjU-l J^Uil j.. ~'a <- J+zJ-jj 
. jiU-l >UJI ^ J iU*i_il 3U j‘^1 Silil jUy-l ( t ) 

. twJI jJL)l JLJjVl 5 jlil UiJ ( ) 

aju*^ o^uu; j!A> wJijjJi ^ ajii-i UiJi 3U jty 3 jUI > 

^ U -- y ji J_pt— -• jt oU> jt ^kj j£-U ji* * ‘i 3 “ ( 5 ) 

. (Support) 

5aU jLnj j( jU £» ( ^ ) 3 jJLaJI j j_js_£t 3JL»La_« (_a ) 
jikil jiU-l J^UJl J j-aM i— »U *Jjjk 

. (Activation) .k g JL;-J\j iJL»Ul) «JU 

oUUf J^U- j^» jjU-l J«#UJl !jP\ yj- j -.... w J 

ajj jJULJt oL jj; — II (Orientation) ajt >3 ju-juj . If J.*j 5jl-S'*)M j 

l»JL£j t 0 J-3j *U*£ 0 jS^J <^jJLiJl jiU»1 JjiUJI ^ 

JuuUo tS J-tiJl ii jJl Oli l y T pr j jaJI j-» j-** ^ ) <3j jXa^u 

j—S’l jJLi-l J-*UJI Ijjb LJUJ OjXjj t U Oji ijjjJUL e><j j - -— 

Ot x^j aij • Aj^Uif'l 2L3jjkj (Film) c3j i-JUi jj* ol ^ 

Uaj j-*j cS-*-* J* J a js • * ■*■ 5-3j J» Js X a Smj jl jx*jf\ <3j UU^ 

ii-j jk* dXISj <LJL& £JU3 j ^UvJ) jiU- J jt\s j . '* *■ ^Ua*^»Uj <l)jj . 

UUi jiS\ \i>Xr J±±\ jj^l J^UJI Ot US t jJLaJU ^Usil Jljii-Vl j 5JI — 

. oXi d j ~Ja£ ^s O jiU-l J-«UJ1 ja 

* 

^ jjdU L^LaJ dJJS j jJU J-»U j~Jo-£ Jcs aJ jt 3^U^ **) 

{ ^s SjJjs iw— »t ji\ Jjlij JU- v uj . aj^U^P^II XJn jJaJb iJU y 
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4-JLo-C- ^ JJL£I Jfti> 4-C. ^^JLc-j ( v_. : .a j_Jl JuJ <L>Xj*j t£4Jl J J£l J-s-T jj 
J~± l &j*-> . 4*J** J* 5>'>l i>rji JI >~~OjS>\ 

JI Lj jaVI J jJL»fc-» iiLjpJ J-lc- &j£s-£ c^JJt «»l JI ^LuJI Ji ^ jJL>- 

0 v-— >IJI cA.; JLa 4l*. ^ . Vl l j .. ,ja*t r.ll »-*jJ* Ol . ^JauJI Ol jjJ J Jaua 

e^U-U J L« ; C H j-dt j£ 1 j.-ji' I j-jb JJ 5 jt*-* JXb JI u?u-i ^ 

J i£ 5jbb- JaI j-*i" 5 oVj j£Jlj j£-JI oI4-sj jS Ol 4 jt j 44* i i£tJI 
^L_-. £j ( CoS j NiS ^zil <ua j-ju bf jiS\ c~j ^-£JI j-* <L*^ J4 uJLmJI 
. 1$*a 5* ^ JI £^-*Vl SJljJ J*-t ja iLii J~*£ i j U* JJ c-— »l j JI 

JU Jj-aJ-l J> jd oL_-)|I j oVI J* jVI j oU j^aJlT i* Ji j 

oJLa | | r ^J JU- aJL-aJI . 1$-— .Ai oIJjDI JLa jI Xj jJLLil i-n.^LT VI 

I ^ -■« jjUaiJ j ^1 JI o JL a L&4jX tiif C jLJ <L. .<iLj» 4J4*>aa Sjl Ol^ji Jj £l JI 

. OlJiJI J 4-— i IT VI 4 aIa*a 

4jV j 4 4^4 j-Tt LLa JI (Promted) 51* JI 5jUJ-l JaI ^*JI gLJ- j 

iU^Ul 5jU^I JaI jjJI U . JU-l JaUJI J Sufey.« Sjj-aj Oi 51* Jl SalOJ 

oi 4 jVj c j-j-ij^Jl J-JUa J ijLf. JI ^yJ- UaJ Lg_i^s (Cattiers) J-»l ^_ a- JU 
aJL^L&JlI *1 JI j 5 j_*jV 1 ji OljLiJl jjjA yp*i J" aJLT J^l^-I ^.5-a tj 

. aJV*^ l* y*£- 

t JbJl j4U!Utj<^j^dau«Atflj* 
^ .« . .Wti A_^l J>- (. yfi J jjl^-l J-*L*Jl jJLi* j.,. 5.7.1 04 j 4£ OVjL?«^ Oj-?- 
J J..fl »• (^JUI jJaJI OL-iljjJij OVjL^I * 4 a 4 ilj \£j . 4-Jl wO^JsJlj 

j—iJlJl fliVl Je> jJj . aJLoJI il Jl c-—T J jj-ajj |«-gJ jU, A<* J 5 j--?-Vl j~--Jl 
w'ljiJl Jj tSjJJLJl 4 JL^*Aj JL.o- jC ll A ? JT J ^5 4j V Aili jiU-l 

jr* JuV 4JU j lT . «i_nlfl>» ) aJLw ill JLc- «.* jjult dJUJLTj ( JLt Ajiil Jt 

. Sjbb- J-.I ^ ^1 ULitl JLJLaJl ilj^AJ j j^r&^l tUJb j^u ^.1 

o u.JLa jJL* 5jjL>i_iU oljjJl J.i<9 5i ^Jt 5_i\ — JLI jt j* 

0 0 

v_^jL5_^jt IdA J4-* lmmjj . 5jl?-I JI SjJLJI JaJ JLp I y~£ 4j jJ Vj l4_^ 5 j j 

J J| 4 ; 1 ,/t II dJL-^-l J JL_?-I JI J_fiJl Olj4 J 4j 4— dJl 

5^ JJlI 5 jJJl ii\^ J 4*UaJl ja 6}Jo%a Aa .* l 5 c)t ^ JaII j . 4jjjJI Ob jr..Jll 
OljdJI dJUb tjA <L& JpLJjI aJLa- J ^«jdl ^jA ^4 _» (.$ jT— «JLI 4j\isj <4 La*.; ; 
5ji * 3S iS jAm* 4^4 4X1^ ,, ‘ff tj j . cJLoJt ^jJJUl J^mJI l j*-& Ua 
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b»JL£j c Oj JaJI fj ^.JLI 4i\J» ^JLjcJ 

AdU? old ^ jjij-^aJI jlflJ i^JLdJi JJLJl J+J* l A* f JJd j-aJI Olji £**UJ 
l^-JLt jJUaj IJJ j t f-iJl <^JU dUbT 1*. ikJ Jl f yal\ OljjJ 3S Ob>2 — • 
v-JLo l£j JJL> y*-£ La-* OljjUl jt iJUk gvOl£A ( j-flJU 3S i-« J->" 

iJUaJl f j-*- ( > ) jXiJI j—rfj . (Energy Band) JJU? jj j£j ajs> gzu 

j-j aji — Ll ^- 7 -.r.' L*.Ia£ Ajl JiLtJI J iaj>-Mjj . tw JL a H ^ «all jJLaJ oLL-£l 

AjjJlII 3S Ob jI a J yrSj Lj jAj f yiyA Jl 3ji Jai jJliL) 5jjb>iil JmAJI Olji 

OJLA JO» J J v _ r =J* 3p Ob y. — \ { jJu I 3S aJU* JJ 

i~>ijb <L* jj 3p £* 3s <L*j^- . 3p JJ a-^,. 11 oljLJLI 

olijj-i^J^/l Ol£-*b /» jj i L-JLaJt j-aII jlac (Hybrid Band) 

JLm-a .kJi - ^j Jjs- i JlJij ^ Ll JLijJ-l tjXA a_T j^-1 3S 5— »_j— »■ 5 j 







ijj>lui ju^ii 

rs-^i (f ) -> J» J iilkJt f jA- 1 ) jCiJl 

. jin >iJl Jl J . ^ J JH JLA UUM Jl 
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2S Oby^. J*. U^UI SjJDl £j\jjz . id 

jL JjJDI ^^ojj t jh fl l l ^o Jil OjjL^ujdl CrijJUl i j T » SJl II lij 

i-LaJl oalil y Jjl yJl fy- J] J y^j *5f oljJUU SJU-I-UI obji-il 

jl a. c . ’ JI ^ £j\jjy£jy I jIjlL* jjiij . 4 j^LjL£^fl cijjJaJI 

: ^J] 4JL2JI s \ jil 4 - 1 cj . aJ LJb ^.£jl ^yl ^-1 jJLi <^S/ 4 *v$il 

* Conductors Ci^ajiS - ^ 
( T J ^- iJl ) iJj *- 3 jj-aj y 

OljJLcJ . 4 Jg cllj fj-i * j »'fl H OljJLi L«_T 

A*» j>-l J y i....~ j Ob Jji£j^|b 4 -jj^- Ojy&j AJLJLo ^ jjjLJIj »Jl£jlj ^ j— -U*il 

L^jlc- ^Lii J-flj yJl <L»j^-l ^o 1 $J>Ijj Sj«vg-o <L* y- ^Jl OtjJLUl dJLgJ 
ob ^ objy^J)fb ^ L.jJ -1 CJIT Uj . JLilUl J 

0 j*> U? L-.-_.~-o 1 .^ Jc- JaJL»j LfjJt ^yb Jbtl dU»b 4 £ jJ-l • — ~ 

J^p — pji\ y { y\jj-$£l\ JJL Lo j-o-Cj . OljJLUl dJU ^ ^yb j_gXJl 

. 3 JU 5 j 1 y- Obrji JJ I g; . *-! 

1 Insulators - Y 

aJU' X*j^~\ dj£jj «i>bjy£j^b 4 ,-JLo <L» ^jJLc LgJl y^-b yll oJLifc jbij 

L_ 1 :j_ju oJLa a-JU-I <Lo y^~\ j 1 objy^J^M yi IgJLT 4 _Jl> 5 Lo IgJ 

LJlJ-l i-ijjM ^J| 4 jlJLU <L« j^-\ y wAbjy^jyi jLcJl <Ll JLU ~ aj > j ^~\ y 

. ( Y ) Sibl ^y b Jbv isJ j Jcs. 





\ 



2Clu1o2l«J^ ^LluLo^Uj^ 




itL‘i._iU 2u$ Lu^2CutoiiL*J^ <3U)L»> 2Lt>>jL^ 2uJ^ 
tLijj^yb GLjjjJbyb CtUx ^ kiyi ^ 



iaUM ( Y) JSLltl 
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t Semi - Conductors dlx&i 

j-^' J-H iS'JaJ' Jjj ji *}[j SiUaJl fj*- y-J yj frbj j-» JjIjaJI 4-JJ j 

A-» j-^1 OUj^S&^l JlLjl J vi--*v{ \ j-M-0 LJljMj ijL-Ul 

oAa ilL»l yj . ojlit J-J y ^7^ 11 (. jjaJl jt 5jl j£-\ j^Lu iJliM i* iiJLII 
(In- « i-J>laJl jit aL-Jii »„j jt^ll oJL» j i jjJUoJdtj J j£JL~Jf a) jil 
xi* oy~p ^11 oL-iV y\j > jJI ibjjj . trinsic Semi - Conductors) 
^jJ] iJjUJI il^il ^ o ykUaJl aJLft y iLbj 4_JUJ1 8jt oLrji 

. ( r j£jJI ) Jam UL-* Jjs- iLjf y 

» 

aJL j .jp ji&x* iiUbJ JjS’ dUjj aJL ? y «u-i* SJjUJI il jii ^^oju J y*Xij 

: OljJb iiLal' jJJU 0 j . t$Jl (Impurities) cJI yJL ^jg ,yJI ; al jil juu 



3^t^U3L^UtVW ( 





XXX 

XXX 

XXX 

XXX 

XXX 

XXX 

XXX 












I Jijfe ja & ^4 Jl> Ailk jJjZ.mC A)jL*Jl Silil j. g£ ( I ) 

jULijl .««■< cJJJoj t aJjI-aJI 5dL«JJ ajlIII L.jJ-1 ^4 Ijl^ L_> jA 
SiUJU JU-I iS y.~A\ J\ iJjUJI 0iUU ajlJII i-jJ-l ^ OU 
j\ ij\ j\w» jIjlJLI aJjLaJI Sdlil JLl& a^J\, .1,11 

aJjLaJI oiLJLJ <Li_JLll a» j£-\ ja Oljj Jpju> JULJl JUyj . «. j .ia SI 
SjUJU ajlIII a^jJ-I ^ Olil ji Llj aJUJI SiUJU aJU-I ojJ-l J] 

jA JS Lf o jj t A_r-j4 j_Jlj OLpIj^JI oJLgJ t aJjIaJI 

3 Ju a-* jJLI ^ i) j^=J j . (Positive Hole) jil >• 

oJLa j4 jJ ( aJj-jJI oilil ^jJLt ^jJb j_g__S" liX-l JLP 

k i-jr flUii #_< iljl! oJU J±4 t ^Ij^T jL5 aT ji-1 

(Pos- jAl Jj P d> (p-type Semi - Conductors) 
uJI j-i AiU?| jlx 0 _^-J — II jt f j-Jb* j 4-I >1 ^11 oJub Ujl >1 ja j itive) 

• J* 

ja LyjjA aJUJI S^UJU tjJUJLI (j y-.-1 1 jj^o i>t £>Aa*j jf (»— >) 

6^111 ja Oli J^ll JLUI JuJjS- Jg — JJ 4 AijUJl OiUJL) aJU-I A4jJ-l 
. 5jl j^\ ji t , jjsjt ^Lfl-'-*! a^i; SJjL*JI S^LJJ aJUM AajJ-I ^1 aJUJI 
fl-i ^-1 2 *■ jAl i_T t li ^ ; Oli nCiyi JLIj^lij 

5jUI ^ jLJ t Lg-it j-g-T J a J— » Oli 

(n-type Semi - 1 iJL-JI CJ %^ ^1 «L-ii »_> iljll oJU ^x> j iJjUJI 
j—gJajj (negative) Jl J\ n J> jJ-l j~Xj Conductors) 

jl jj-jL~»jtll 2jLj9| JLX O / JL JI jl ^ A^jU j-^S ( j?\ y>- 

. ( i-r j£jji )U 4 Jjjv,j J >Ji 

L>U L-4-..^w* d iilt Lg-T^Li aJLL^^M j—pLuJI jLi 

. d A-*^* ^ A4 jJ- 1 ^3 d ^4 A-JUi-l oU js^JlI JJj 4 cASjjji^J^lb 

Jj 4-JLiAj^l j-^UaU a- — - i>LJL> j^-^iJI j A— -tLi-ljUl j\ jj-l iSyu J 

^1 jijl ^JLc. j-^LjJI oJUb J-o-ajj . d cAjj -. .—a ^a Sx^r jJLI aj^ j-aJI 

a\ j-a JU p ji S ja JpL3j*i/l ^ jA- lg_«3 5i jjLdl olij^s^jyi 

d Xaj^ ^a s*> jiill ^Li] LuS" . A«J\j&j^fl ^JLfr IjljjjiJ (jiUu 

. ji jj^li ja cJJL-» j>j£. j 
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JLfiol( V - T) j£dJl 

A^j^ai > a^ti3£L»ij Liuij CiUjlh^i ji 4 ( AI Jju ) aonan 

( P Jl.)^L5^l 

jJj J* ±Si iSjU-l JaaII ^ ArfjjliJJ '-'j-s*!' JJ 5 J*J*^ 

jlii SJLaJl *\ jil of <Jjjjdl . (Crystal Defects) J^^IO t^-zdi £l jjt JJ 

y..* j^llj 5J L^- Va £ M ojf SJLoJI SjjJULJI dJUiCj . SjjjJLLJt 

£3 jilt jji d**^ t dX-*UjAj^» j--iJLJ dJliJl £) jjUJI ^ dll jj (jXloll yUAll 
5iL»-U iS j> 1L11 J^r-§J* j-*-* 1 * • * ^ ; b IaJj^» SjjJLLII ^ jl 5ji Ot 




-M- 



<3 jj 5jl Jit up j! ojJLII 3jU* i) dXJJbj LJLaJl 
o j -^aJI jt-at ^jJL Lo ..^ j . jj^JaJLj bjjJLLJt O jmJiJI tjL-J ^jJUaJLI j-jL^flJI 

: ajun yu-i i 

> Frankel Defects JS3t>fe c- 4 >x£ “ ' 
^JLp a_J jjSI' OjjJULJI Ja..- ,tjj ( oaLp 2 _j jjV' OljjJULJI Lg_» iA-g -1 j 
(Interstitiah S-~-j ^ 3 l j-» JJ 5 jjJULJI ^ JLuujJaJI LgjJl ^ c»U j-JLS' 

4 ,H ol) j-JL^JU . (Vacancies) oLpIj-J WIjj JLi'jU Positions) 

‘ J! J - 4 J^W J 3 "' 5 (Interstital Cations) 

aJUJUf Lj-t oLpI jJJI jLlsib JLjJLlp sJLa 0 j -s-foj 

(,^1 OU JJj ^JLp O L JLajJ' dJlA JLpLmJj . 4.1.tf 11 SiLJU ^jjJUUl JjC . $ II 

4 

j\ J*jU! Ijji ^ ^k-» JJ J^s-frN u-*-> 

. ( t JiUJI 

i Schottkky Defects ^S5jj£i 44 ^uc, - Y 
4__j^j Oj jJULJl JaImJ j ^ OljjjyiJlj LwSjt O j - y wJt 44Aj 

^ _ : b H l ^ ^ oti j_jV > j Ob ^jjt JLSjjl SL»i : ..7.i oLpI jj ^JLp 

oJLa Ji» . djjJLU 4 m9»jI^-I jt 4_JL>loJl ^Jl ^jjJLLil J^—^JI 

J (^L-J j JJ SjjjULJt >b ^ OU j*H\j jas ^ 4 JL^ji 

. ( i j£iJI ) tfjii-l J*aJI 










^ 3 ^ ^ ^c. jl J£jt i_j $±c . ^La L»J J^kUIAj <j£Zu ^1 (2£3j>U_J Ufaiu (t) JSmmJI 




Ob j_Jb£jl ^ S JL-ii 5ibj n Ja,< JbjjJUb 4.JL0 al ^3 Uaj — V 
L*l 5ab jjl eJUb ^ j LJb SjjJULJl ^ Ob j_jSM 2Jal*l oj^Jl 

i-j j-_il oUl ^ 2-sp_-ii ji (Interstitial Cations) 4 > ob j-JLT JLl-a 

j-* Ut ojjJULJl ^ ^Jb j 4 &\ JiUJl . (Anion Vacancies) 

oJ L-JL» Objy^JI 2Ja—>ljj jt <L S . , .~JI Ob JOiL:J Obj ^ Ol 

. ( 0 j£iJ1 ) JLJ^bVt OUI yUb 

JJiUl ^Ltj^bl 4- y ^ iC jl ^£- cJb y* 3JL U Odbj SjjJJLJI ^ .*fl*) JJj 
(Interstitial ob jS\ ^ L»J oib^l »JL» d j&j . L3b «^b 

J^L«ljJ1 ^jj . ajjjJLLJI ob j_Jl£jl 4 i ^ K ji yaij <Lj^ . *i jt Anions) 
Ob Ojjbtl Ob yuu JpLJjI J^b»- y* bj oib- OjjJUU! ^yb j^£JI 

. ( d JiLtJi ) (Positive Holes) Jur y» o y&> ob ^-jl£J1 ole- 1 yU Sjjbil jt 
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luwJ £yt 3 ib} 4L$k CiSj* 

Aoj^ui tDl£l 



M + X' 


M + X’ M + X' 


X 

1 
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X' M + X' M + 


S 

+ 

X 
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M + X" M + X' 


1 

X 

+ 

1 
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X' M + X' M + 


M + X' 


M + X' M + X" 


X' M + 


X' M + X" M + 



bliL)j»gS t—JLuJt X ^*i 4 SH t^y* 5^Li‘) 4-ifc uS >4 
L,umj iZujjSJij jryfMtSjVI \j <jj»- Jb) 
t—kS y t AO u CAj»gjl 



4^u«^ JUrfl £4 3^Uj 4uk 
^ j'ljitlHUjjl jO< ^ 
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uuuuX 

4U>% j‘ij,_t3LS u>Lc.I jb 



> ^.2b,yb v>f r.^,i 0 Ujl (0)J1£J» 
l-o. 5* »_i2i ^ JJLaJI M 2+ j uJLH^b JWy t^*ul £b* <P!E1 J 







(Foreign Atoms o jS- oLjj! jl olji aJLaJI SjjJULJI J+: .11 jjj - i 
ijjJUL dJUS JUjl> c 3-JUoVl oU jjSM jl . oljJUJ 3, , * . .b or Ions) 

3j joM J^-Jl JL.j...«S* jl SjjJULj i ^ j-joU^JI oil jji ^JLt 3_oJJl AjjjJLS* 

. ( 1 3-J >AjJI JiLjl oU j-jUT oil j«Si jt ^ j-JLJUt ojljJJ 



Ag + 


cr 


Ag + 


cr 


O 2 ' 


Ni 2+ 


0 2 ' 


Ni 2+ 


cr 


Cd 2+ 


cr 


Ag + 


Ni 2+ 


o 2 - 


Li + 


O 2 ' 


Ag + 


cr 




t 

cr 


o 2 - 


Ni 3+ 


O 2 * 


Ni 3+ 


Cl" 


Ag + 


cr 


Ag + 


Ni 2+ 


o 2 ' 


Ni 2+ 


o 2 - 


Ag + 


cr 


Ag + 


cr ’ 


O 2 ' 


Ni 2+ 


O 2 ' 


Ni 2+ 



^ a ^^^fedlJL»)£4 5jjljlt^kljukj4 (J V'OfJ 1 i im*! !■ > iliiLal»» 

^b^£NJjU3l i , (Ni 3+ ) JJJU 

(1) JSL&Jt 

jp j*: Jjs- OA-JaJl js l» 8jjlL olji js 8 j-S Is - jov ^JUcJ - o 

is 3.JLoJl ai$J 3,yi s ,:i SjjJULJI 8 ji £j\ j-Jb SjjJULJI 

ilxjl a j-iJ dJJi js ^co j SjjJULJI JJLjJl 8 3 iL~* JLlC oIjJlII js 

jj—$& o*L-c- if* jj (Dislocation) £5L*uflj . Lg-J oljJJI ^jlj^»j 3 jjULJI 

: js JUji ilL*j . SjjJULJI J JUoJI OljiJl j Olsl jii\ 

SjjJLLIl js i-jjr i $ * Sorew Dislocation ( I ) 




js&tt 
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5iLj ^JU JuJllp Sj^LJLJI Ju>. : ±jj * Edge Dislocation £^Lkjl (o) 

. ( A 2 JI ) OjjJLLJl ■» .<p iuj^JULJI oij jJI ^ j * w. <i o ..ifl i 

^-1 tijb bL&L.*j j ( j«M oU»\j iS" oljJLM oJ-jJ 

J ')j> J! J>»* ^ *aU» oi> ^ jjb 

. ( * JXjJI ) ^L^JI J*UJI jf jljafll 




2ul~ Sj^b lalaS*. (A) cfSLSJl 

0 liL- ( i ) j ( V ) -r iiJl ^ \ a j . I | jLtil j-t jJl ^ 5 -LaII il^il 
yfi}\ JiUsJI Js- jlcL~J oUj^^&yi Ot JL^rj JLaJj oV -* y «L-ii oaU 
ob y jJA\j s^u jljlj jjuii y Siijj ^s- a.u.’..t.u ij^puJi jL—-irSl' ^ 
«LJji -L^lfV I dJLA JJL. JjLC j ( Lfr-J.i LJ j_jVl OUI jjUl ^ji jt 4 .: a Ji kjJUJi 
SiLij ^ yS- ^sJl b jJUil Jiy-tlTVl ^ Ut . (n-type) uJLJl ^J1 ^ 

eJljJjt ob Jir JL^JI C#U yiH\ jl 3LJ oUl yi\ OJi &*-£ jVl 
• (p-type) vr oM ^> y #Lit «JU» Jjw If (Impurity Levels) 





( 4 )<J££tt 



t ajj jJULJt LfrlfUt AjjjJUL o j— £ i jj aJLrjUI SjJL^-I 
Jy»l ^-*JI dllJ , jJU-l 1^1 o ^ ^ ^ * Ijji 2 jjjJULM <*•> j^jJI »JLa s^^aJUj 

^LaH\ JOJU J\ bjLi}\ Ct\x~jjS3\ jl 3LijJUJt ojLLM 

Jkij t JL -~.5*b ^b. 4 <3 jJUJl J^TviJJ ; 4 j jJLsJI 

0*ifLp- d)tj . S aJL?vj 4— oij jJLaJI ^Jj Jl A, <JZy 

J-Jb*«_Jl JjLjj . (J JjuUJ A <■.».; lb A . » »t j Lc jJLTI jJb O-^LJU 

dJLa xjjjJJu y-£- ^ Jl j^Nl aJUju jj-J-U! 

. l$-J Aj j^xil AjjJlijl ob 5 jL jJI 4 ^ 1 -ii il jll 

dL^i: <j j^u d - ^ JjuUI U*> <»> ^ W^l V»*>» 

Cu 2 0 jj— <t*cJl JL^-tft ^k-» j... *. jt j j-jr jjjj J) j jj-^l ■— S ’ jt 

CJlTj . <L_5?- ®L-il JL^L^yi 9 jjk jLif-U 3 A^JbcAj NiO 

aJU^ ^ a^jJUu* ji aJLAj c t^JL* a-Jj jAj ; ZnO jl — aJUj 

. AjjU> 5aL» aj aJjljc* i-JUi MgO ^ L» •■....; i d^LJI 

j; . j 4 Lg-3 jjJ ft'j-r J^-ril j jj— *L*JI J-.-jLS'V 5 j -. . . .. C l 1 aJU-oJI j 

: aJ^UII ji j X-SjH ^vSa— » jljSA^fl ^bu ^sJI N 2 0 oIsaj*- 

N 2 0 + e ^ N 2 + O 

(jfa-JI^U jif) 

O’ >- f0 2 + e I 

(jJa-JI^U j^) 

u ^-*Jl ^1 jjl J..J.O :.ij jiU>l JjiUJl y,^ jj A^iljjiJ AiJU^h* <3 jJp cJUaxuI jlaJ j 
1^1^* jlT AmmmJI A.A.tt^L 3jiU-l J««( jaJI a^Ij^ jloi . Aji AjjjJULJt 

J* AmJmJI AaJJ^Ij JL-ljOJl OJLPb^ JLi j ., Ajj^lJb y£* ^S> AjjjJLL 

Ob^jVl jt oljJUl j-H ajL-II Ji xjj Js . j 5jUJ4 3iUI .y iikjil jl >V» j~~£ 

OtjjJJJl ^ypf-9- jjXJj J L^f C (3jjAJLJl jXg_^jt ^ 3 

. <gUJl 5iUl ^ 5^ yrjLS 

*1 ^ A.U.-JI AaJ.V» Jj^Ai ^UJI C-H* >U-t JaUJI A-tji C~it 

. dJL~<*l9vJI jt JoJ> ^jLp SiUl 

; ^ ^InJt ^L»l JaJU«4 ^UJI IJu jj.Jtt £ j*jyj 




^ J <J jJl Cu (OH) NH 4 Cr0 4 4 — »1 ^31 *. « ; Z y Oj^jj 
jo\ jiH J-.UT aJUjc^-I jllaj . Cu Cr 2 0 4 j CuO J\ lJac*A\ o ; l ^ \ 
fiiLc-lij . Cr 2 Cr 2 0 4 j ^UuJl LIS’ jt LJ^r V'ji*-' 4 jU o^ULaJ 
: JUI J y^\ 4Jli UWI 5jl >1 oWjJb ^ aJ) aJUaJI 

900°C . 

Cu O + Cu Cr 9 0 4 v~ - Cu 9 Cr 9 0 4 + ir 0 9 

^ H 'cnn'ri * a ^ ^ 



£uJ&— ) 4 .J I jjJ (Electron Diffraction) ^ jja£J}|! i y, J»\ iij J« <»■-..„•> 

Ot i-j- — Jt iuiJ/VI dy^ ^ ^ J\ 4 g,. J> U>>Jlj . jiU-l J>UI 

j-» (^1 ^ i-JjjJ! oJLa ^4 U^jc_-JlI <Lj jj&y\ 4_*jJ-l 

J^UJU ^ulg.^ll OliLi? <L->lji Jl£**^ll Ujj i JaJii 5ji caJ 3 5 
. 4_JU^ t-l^r j-* 4jnit-j ^^JLfr 0 ^1 4iJ jJI a-JLpVi 2L-»lji Jj}j£ j 



^tU-» (Electron Microscope) ^ t£ 

(3 jJLiJI y\ i jBJU yL-ilji IJLft Va.*i\y J i jJU-l J^LuJl 4 JL— _9j 

0 L-.LJ cJL-ajl-jI j L*S . 5jUJ-l J-*l jjJI ^ (Pores) ol «l 11 j (Cracks) 

oU ; ^i jl—miLS' ^LS" ojUJ-l Jj»I jjJI ^ 4— ^jU 

4j..~ jjgLJuil cjLjIjjJI ■i.a.'ij . £■ ^k-Jl j^JLc- ^Jl o vIaLasJI 4 — >lji ji j 
j^Jaj *a4j • J-»L*JU ijjjJI c3 jjJsJlj JiiXiJI aJI*« L?U jJLa* oilij ^ 
\^S . 4 ...>., Ip IJ uiljUl; ufi -£■'•’> ^31 ajjJUJI Jm^LTVI {j* *bJkjJI oL^iljjJl oJLa 
olj^JULJl 2L-iljoJ (Field Emission Microscope) ^Jl£l j-«jc--lj 

. jiU-l J*^3'j oU U p ^ ijj^ULJl oUji-il jji j id jjLdl 



^ ..y< 3jUJ-i J>l jaJU JLJUjiJ! 4^L-Jll ^LJ fjj 

Ol£x jJa-i ( ^rj -r sJLS' oljUJl Jba-J 

L«JLa 3 . jiU-l J-»UJI jll <3 j-2-iJlj OULJll 4 jCj.Jp ^yJL A (JS jjc31 

. jUJl Ja.w..jg ^JLp jl y-*y\ 4i> dJLn — j jLi aJLp oil* » l -» JLa l* jLt 

jUJli Oj^jJLjsJI Ol*L»Jil IaJjlA JJLp- J y*p jJI ^ jLiJl iax Jp oil jjj 

j~aj R k Oi i jp \ jii Ij . oI*LJl1 ^ jUI caJ^j 4.*>i. jl’> Jl-il 
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JL '£> jUJl JojlJp P -j frb P/P Q Jl kiLAJl JU£ JjL-JIj ^Jl 

: «Lbl*Al Oj£jj jlnJl JojL> P Q j JLJ11 jUJb oL-JLi 

r» j 2 V V /<\ 



R k = d - 



RT tn P/P, 



V t jUOJ ^nJa— Jl JLJJI Y (, ^jis- jUdl 5JL k XL— » d y 

l*-j R k ( ^ * ) ^ k^-^j . £LJI JJL-JJ ^il ^ikl 




(».) JS^Ji 



i.a-'wk .»ll i*-L_!l aJ^X r Q L»L*JlI ^ki tJLtf.) JjUui J yA^\ j Le^ 

: ibUil JUjcxL oUUJLl jKil fjjJ-l V s j U-aJI SjUAJ S 

r 0=^ (2) 

: JLJLJI ol jkkl Jij J-U J^-iJll JpUsJI dJJLnj 



. ^LM J*UJ1 ^k-. ^ U*Usi1 jJU jl^l - > 

. ^k«*Jt ^JLc> h jXdl OlJLAwJll J^UJ — Y 

. jiU-l J-»UJI ^k-» U^Uiil j JpUJI £1 ji (Dwsorption) - r 



c/lkudl Lg_i i)j£sj ^yiil A£>jm*S\ ij*^JL» OL^-ty s,. lfrt JkpLLJ! it jLhtJj 
kjljj ^ gW .«1 \j olXfljll oJLa kJ Ji j t ^iU-l J^UJI ^k— » <LSL r « ? ^JI 
-*-$J Jjri J-* 4 * g » j-~aJ kjljjJl OJLA JJ Ajjkj OtJ IJDj ( 5-Jjjt jt k-oJfcL-J 

frljjj- ^k-i c5 JLc. ^1,.^-CJI jloaII Of . ^ilkl J^ibdJ k£>jjJt 4 mJIaaJI 

01 ^yA.~Jg j . ^k-Ji kJL«i ji 2 Lj«- OU jjf JjJUP 0 i Jj JUijl 

(Electronegativity) 3Jk j^£Jl i-JLJl ^ ^ jUs/tfi IJla Jjl* jujuu 
3-jjtj^ oU jjI Jpjjilji Xjit ji ^sii jjiijJI j ^k-Jl J^J 
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3 j :■?*> <J jUJl £uk~JL) JJL.tJl 2Jb b j£j i)t Ju^ <Jjbi jib Jj»L£ gJa_4 ^JLe- 

b\ Jjtfj US . ^bJ jili JU LJbM XiUJl ob^ jasx* jiyj 

jl ^ijjj . jJUU **\± j* iJ U\ jSlijJU JLjJUM ob^-JI olill> 0 j£j 

Ob yA ,jiy^ bt . ij* jm J ij y ^~~~» £bL3jl Odb) jJUJl ■<> ^Ifr JpljjJl jt 

* 

( l.ftiw:* jJliJLJ ^ ^-i tS b £ ypry~~*i *j^i t£ jli jib JjiU- gJsuit jjJLfr IJL> 
. objj^J^fb ajlJIIj jl ^jjUj | jJI JjUjJU JiUaJl Ob ^y iJLP iyrjy 

. ^ ^-i ji— • <C«J ^4 Lj y Obj’..,..U ftjUb 0 j£j ol Jdtfj 



<L?r jll Jlji j-j J j-S JblJU L>JL_?ij L»JL£ 4 j ^-J I ftJtl . *mJ Jajljj b j£j£ 

^Liu jJlijJI j jJU-l JjiLuJU (Electron Wave Functions) 

^jj y ob j~-> * jlx ojlM ^jJU- ^bjyij JXjlJI Uub . <JLp jlja^/l 

d oL y--~* Jibs' b y&j • ^ j-i ^ y o jjjJb IJ js* jt LIS' ojyaj iJb d 
Aj j3 L-^bJ JcjIjj Jijfa £^iJJ bf ^ JiCyJl Ol jll ^ bfcbail 

. Ol jJLaJI oju» £• 



£*Ja~j b*i JJUj {j* a, a ^vlsu*^* Ob &.» *.1.1 t^jjJI <1)| 

JjJU£ c^i j-sj J^bhJI Ic- j-*» blj i ojjuII jjlijJb LIS' j jib! JjiLJI 

S-lk-f j-J-l ^ t jJa-JI ^ JxLLJl y jl j^i 1 Lc- j— - ,jL- 

Sibj ^ j-3 4 ^ y - ~-* j^JuJl CM i| t jjJLfr 3 jjyi aJjLuu* Jajljj y y£j 

4 JU-I ^Jl <L» jiaJll j oJLa ojjult jilijJb ^Ja-Jl Lkiu 

. aj it bw 31 jsj^i j ji y*y\ ^sj 

^ j-U-l J^-aM J-»LJ1 Lj-fcAt jjb JJjJI 

S ^ ■> U _ U 4^-bJl >li3 . y j£sl\ LJbjJl <*JL3L^.,ll II. Ji I^JbiJ LjIj^ 
TO* ,!a»-Jg JUA JILJI jjJaJl ^JjlJI bj*tA ^JL OjJLallj LmJ^LrII IJbliJlj 
^^ibj Ja ^* jLi . ( M ^ L-T ^LcJI £• jX-JI dl5L«* a. L. J . J yr 

O jJL ^-1 bJL-t j 1 ^ybxJl 4 C Jf —H (£yL&%*» db^jb 4 ^ >; „»JJ A ~ . _ ti 4 _y- b «J k l 

L?-LJll y '/.i • ^J 3. ; -»!? -~ M cJLs y / £ * ^ b- 

ajrjJb cJLi Ji sS s*H\ ^ I— ^Uil LLUM b\j U5* 1 JiLdJ LUty 
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JL>I Jjb 4jli X^-jXA ^3 *,£ JjtiJl Lit . Uji' j^Jl tXA £^JLj XX 
. 1SL. — 11 ^ ^UcJt j * '/ 1 * <»_-£" xx LIS' LJUiJI cx^-t gxiluJL 

L»j_*- ^ o jJLiil ^i JJL JiLdJ JjciJI Ot ^SUJI ax* JxJj 

. Juii ^UJU jil&dl oLj^l JJ JA d 




ijjJUJI ( 4.,. t xSll ) Jjij ^ j_JjjxJIj Lj j-j JxtiJl a— < lj3 cjs 

Oj_r l ^ii1 O^L&LdjJl OLi' C-b J . jxLaJI 3XaJ j ^ . •Mb 3 j .‘a £l 

iliUu. ^ (Frequency Factor) 3* J^U p-U J^x-i vjtis Jx 

oLJLmJ ^ oLi^x^ft cJlTj . ^ *H Jj <b£bJl «»L lx j-~JI 

Jyr jL£ * ' Jr* j' y ^ taj X ^H dliU* p-j jjLJ j* lo^rb Ol j-LaJl 

JpLJjI x?-jj . xJaxJl ( jJx J^JU jl—S* d V ,jJ| ,^ix J j-JU 
JxbLJU k . X \ lilt ii^bdt jQj <■ >,<■/ j-sJIj Ja~XxJl iiU? ^-j 

JLiU? oi jSLiJl Ixa ^ . ( > Y ) L.^.r CJL3* JjLJJI JIj3j 

£» 3LJU JJLi Jl jXi jbx ol jJLLU 1— -Jb cJtf kxJI 

j-j JiLxJI JxLAj OjX^ ^L-ii ^jix aj^LaJI aJL» o jl.— » i.;.jl 
. ^ia-JI oLjit jij£j JV> ^ 
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jiii 1 

: ^ ^ J-UJt L-t> j£+jj 

tj jJl J-aJLJIj . -L—jLS’VI {j* 3.LA ^Ja-j )>i jJLp j-M J^L&S L— >Ij3 — ^ 

A_«J La j ^JU Ojjiil 5 jJaiM * .~~i ^jjl £^jl ^ jj£j jt Iw^u ^ jjJi I.L$J 

. oUj^)M Jtfsil JLa 

JV*** j* iJLni J .~. iu |*j j Xg ~£ ji )>i5 JLp J^Lcj - Y 

iJb >1j LJLuLll ol jju LmJj 3 jJ £AJ 4 4mJ hjjL Jl^jl 

. *mf> j^aJI dUb Jls-il Jju 

JaULJJ ijjl il l jlc£-\ ji jLjlaI ^jJLc- jl-^LT^U LJUjUI Olj-Ju cJLIa oi j 
li J jLaII jlf lili . j-il^-l J>*Uit ^Js— » jjJLt jj{ jlaaa ^^Ia 

^4 4 JL 0 jll 4_J* J-^IT *jl | jJU- UUa.SI ^JLj jl Jb^f 4 jljj£j La j»*> jLi LJLj <u^t_JLt 
LJU d>l oU j-JLT J *.1^* ^ j—Jl ibjJ jl c — ?>jj . iwJLJt £jJI 

OUj i-LA Sibj ^4 dJUi ^^JLa Laj JLmmTj^U ^jJULJl 
4_J> JLj-^LT^l ^jJLt j->Ti La bj&sj <Gli L^tJLjl 4_— ?r ^11 jlLaII L*i . 4_i o jJ-l 

. 4-jf jll 4JUajII 

> {lIajui A«n 

# f 

^JLnJI t£iL jJ j jjU-l JaJJI ^ L*^a tjj3 jJU-l J*»bJl ^Je L— >J»Jk 
(Active Conters) aJLa-aJI jS \ jll o J>Ju S \ Y o ^La Tyler jL\3 . *►. -;CJI 
. £_k— Jl w>ljiJ Jjuill ^jly j jili-l J-»UJl ^Ja—» ^pjbr ^<bu 4 j^aLxJ 

L yL^- LJU-o jlsi ^jJl jjU-l J^LaJI ^^Xa ^51 ^11 dUb Jjlc JJLa-aJI jS \ jllj 



JjiLftJi UpI—JjI ti\jP 4 la,* jJ> jS \ jil 044b OljiJl . 4-JLf 

. 4x~. t >^ oljJUl ojl^J <L> j£jj 1*5* i jiU-i 

: jiU-1 JA*Jt jJa-» ^p LjjiLJl ja fAy\ y-J j£+j 

(Cornet Atoms) Jl fjtyl j (Edge Atoms) oliU>l ±x£- ^Ju olyJI - ^ 

. ^k-JJ AjsL&y olpl ja jjJULJt J$L*J U d>U,t Jit 

J-»UJI ^Ja— -* ii-n-jp Jii (Steps) 4 jl& JLajI olyJI - t 

. jiU-t 

0 j£j jiU-l ^ (Dislocation) pilyJjJ ^1 oljJdl - T 

. ^Ja— J \j JpLjj^I LLaJ? 

L^JcLJjl ^ Oj-fiJI jS I j-» iS*}i jJau-Jl ^p cJIjJJ* j - £ 

. gJa~JL 

. iijLju jiM j* e-T jil ^U-l J-UJI - 0 

u>l) j_JI £$1 j . 4 j jiiJt J L -.^LS* Vi ^Ja— i j 5*I jil y «1>V -frjj 1 )Laj 

• jAiJt ^Jl j«* IgJpLjjl 54 Jit ijS j*}\ 

: l^aUiJI^I^IS^^Jo^ JiVa J*ryj 

^yU jlj^Vi *s+£ 4ij4ji £• 5JLr 0iL» 4jt ^vk-i ^yJU oaU jljj-»*j/l 5jl jj>» JiJ ( t ) 

4 0 

jjLJ j iL— *da«-Jl j_Tl jil ^-L& ^yJLt L-JLS” iJUb j-S-aj j . jvk—Jl 

ojjjf oil* Jl> j-ju* ^tu*» iL>x*tj ^jJI jl LgjjJLi 
OJjhj ^Lili ^yJUl jlji^VI l»l . Sjl ^ji j rr S jjt j j \j yi~a«.* ) lJUJLi J j£j 
j- Ju ^yJU- J-».“,4..< 4Jli I jjj Sjj^il JjUjlJIj LJjjr l^y£u ( ye^t ^Ja-j ^ylx- 

Lg-jjg- 04_>IJ ^yiJl J-Tijli 4_JLO Jil j-Tl jJ* ^Lp O-Ljxj 4J(j Jil jjjl 

a_^»-L— * ^3 JJi j » j Ju 4jLi Oji jJ-\ jJU-1 J^LaJI ^jiay j_«u JLA ( *—> ) 

. U? j-tJL *j t j-*-i£ Oj^Ij ^j3 j-JuJI JLi dJUi 4» i _jnJa_-Jl 

oUL^dlj J ji..tJi oL?-\— • j^yJLc- J-^u ^iU-l 5 jijil o^i ^>"ii 
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jjjjJULJI LfrL J& j oli jjS/Ij oljAJI ^sl y* ^s> LgJl jJ Is iiL>yb 

. JyUI! gk* J* 

j~£ oL, i? .< : > jiL?- J*»le> W .<« ^Jj X~*~* 5aL» ^a <LL.U a3L>] jl 'S> (-t ) 

itjll U jj IjljjL^I ^Laj X II 5illl ot cijjjiitj . 

>TI jll ^ UiVtfl JA J t jJLM JJjJI JIl-jJ JUJl 

<u j-Jo-ftJI jlcIjJLH L y2j«j j_* j\jf aiU»J -L^ L^t jjt — iXJLJI j-sL^-I J-»L*JU 
i*Ui j jJ^iJI jl JsLjjl Jlj . 4-JI ( ) 

iJ^JU 3 j^iil d.u j3 i ij JajUI ^ tjXiJl j»* 

: J-* J*WI ^k-» jj Jl £• OL-iJjSlI JaL 3 J*l^ 

C 2 H 4 + D 2 ^.---- n c 2 h 3 d + hd 

: J*UsJ! lia Jb-ilSL* C-jysil j 

4k»I^JI ^LJI Jju j£-JI ^k-i j-» j-jji ^Ip j-4^/1 j'>^' - ' 

^ 5^ f Sji £» J^U3 ^ t ji . Jl ,y 

^ Ul ( C 2 H 3 D ) f Jl j-* 3o^lj 5ji J*-~j ^jiJJI £}> 

juLaI Jt aJLa 5 jjuJLl X-yLijjxl} j£*+j j . -I* -H i Jie> 5-L^lj J^-J SjJb 
kJ jjtfyij-j yj Jl *U - M l ^jM J-Jj lS LJ L*j~> j~jrjjX~A 5ji 

, ji j&J 3jjl^bj* fyj j~J^O 5ji £• J^UJLj dAJij LJIj &j£JI JL j » ?) gJa~JI>» 

• tr-rhi^ J* Cr*!* <y^ 

: ,^i Ui" J^—Jl ^k-* J-* oJL^Ij 5j Jb ^J-J^/l i-ijjjp JffLjjl yh ^^fl Jt*i^*5flj - T 

ch 9 h 

II 2 

C 2 H 4 ^-CH + 

Ni Ni 

: JUI ^pcJI^Ud^f J^lJIdiJ^jJ 

CH ? D 

II L | 

CH + ^ CH, = CHD + 2 Ni 

I 1 2 

Ni Ni 
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. ( ^ ) y 2 LjlX.il cAa->I JU»s>’*)fl IJLaj 

JrH J^l-H fXC- JS»- j* ( S ) 4 _jl£_ll JA j^isxJl jX-*jj 

jl I j— ft JXj j . D 2 £■* J yJl vjjjJUl ^ C 2 D^ J ^2^4 

elft c~*_co Jiij . D jt H Olji j ^_4 V 5 _JlXJI oJLa jij i^tJI CjLjjjLT jjJL^JI 
: guLJl oJLft . 2UI& £>ljjt I4J Ob ^jlXjjJL^J 4 l .—,11 ^LJL 

£- J^LjJI J-t oy li oL-jLJjVi o-i* Jjl. ^ jjX_{JI olji ol ( I > 

• iieu\ jJlijj L£l Olj jJl yU- JiLJI j^eahj V l~>- « ^ jj J jl 

# 

jX^jj . ^ M JoiJ JiLjJL L^ 9 b«aji ilojl jJJ JLLjI c^X*uj (S^) 

: t* 

CH0-CH-CH9 CH r CH-CH ? D CH r CH-CH 9 D 
J 1 1 1 1 J 1 z 

Ni Ni + D >- Ni >. Ni Ni + H 

CH V CH - CHD 
3 I I 
Ni Ni 

. CH3CH = CHD ji CH 3 CH = CHD UJ l>j*A\ JLUtJI Lojfl Oli IJJ j 

jlj^L^I LjJlX-jr 2jl » t .j^lb jil iixiljjl Jl.a.-jl <UL?- j_* jr>jj 5 iL»j 

: 5 ji jlJjjJj iiLjpL LiJij 1 ^- 3 ^-Jl 

CH 2 - CH - CH 2 - CH 3 CH 2 - CH - CH 2 - CH 3 

Ni Ni + D + H >- Ni 

( > 

CH, - CH - CH - CH, 

II 3 

- H >. Ni Ni 

( t ij«isaj jijs-yt) 

cjXi 1...X y jX~J! fljjJUU CM . ^JLJI dJLft yL- 4 o 5 ^_iX y 

Ujuj Sjjl^wiil jX-JI olji J»L- 5 jl OjXjj ^jy_Xjl r,0 4 aJL> JjJp 4 sr ^jl J* 

\ ,0 t i£j\ J jJ*Jiy\ y J^JjlXil yy J-» .L-ft-Jl OlX bp . ^J j^ .. C jl y , tv 

( ^jy_Xjl \ ,AY <^i *) JX-JI Jj^jjIX U Ni - C ilajl J\ cJlXj t ^jjj^Xjl 
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j£-JI J -a ^1 lil — ll £• \ f ,m j\ pSto a j-s^aJLt *~i r* 

Ni - C - C IjljJI ^ «Ji-Ak a j-ij ~k — H Js, Ni - Ni ^-3j jl^uil 

. (Tetrahedral Bond) ^1 kU/ifl ,y 109°.28 I 

jii ^Ja— i j* j- j-5ji Ob jJjlTjjX-fJl jl Oi-hU jOa-SJ 

0^*jl jj li| tiJUij ^k— Jl ^^JU- ^ jmM b .tf ■« (1) Ot Oji |t~! 01 

ala . f T , A Y , i jJji JS* Lit — U 

oLi IjJj i cJb^Jlj ^^JLc- iOl^-il 

. 4 j . ; .i. o J ^(l Sjm^^I A^jJlgJ ajU*» JjiI yS ^til.^7 OljJLflJl oAa 



^Js> j-^jjJL—^Jl £• OjJjl^Jl JLj T ji *k jJU«jt jl J-*I JLAJL^j J-aJj 

1 . 1 ■ -. » Oljjb Zs-jJSj* 0*il 0\J jjjlif jjJOA JI^JLIIj cJbj^Jl Ol ji 

. . 11 . .. i l - 1 : - 1 1 i ; . t 1 : 2 t til \\€ 1 1 ,'ti . j . .1 .. 



^uuJI jjOj ( iijjA* j-s> JA-Lill U^J 4flj tJUidOoOLl JJj <UjUa* 

^jlc- Jjb Y j > £ijil ^ orjij-4 kjljj ^^JU- J.*’? .!.< ij jXiil o LJ . l j*jl 01 
J] CHOH ji CH 2 - SJIol OyO OjjjLTjjJLjflll iJL-JL -J ^i^jJjJI 

i ~ W a « jj* ^lfl.« )b aj^-JLI jJI a .a Lll JoJ jjj . SJLJL— JI l£-*— 

ala O jjuj ( jJLJ^II jl liked 1 dJUbj a $...;, A IJLjJ 1— »JL:^ll oULkiilj 

jXiJI ^ 5 _^j(Fischer-Tropsch Process) - j-i-i 3-lwu o^-aLUi 



. J^.jjS - j-M o*>UU3 JAJU ( > Y* 



) 



c-c-c-c-c-c 



c-c-c-d - d — »c - c- c- c- c 

/ ‘ 
c - c - t - { C-C-C-C 



I 

c 



C-c-c-c -c 



C - c — »c -c - c 



c -c -t 

I 

c 



c-c -d -d 

I 

c 



c - c -c -c-c 

I 

c 



c - c - c - d 

I I 

c c 



(U) JSOI 




a_ju4ii 
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t ^ j ■ J_T,l J-»bJl iiJL»v» ^ibc j ; * \jl< Joju ^13 

ju—* ijjjHJI Lgj^jiy jiXij ja \ySs j L$J fjj*J-\ \y~P j 

Jj ^£bbJ 4-~.Jb dJUb ILJLaJ tlA33 JUu l j—iji ^ 4-» ; r .. J l 

iUij JuLg-jjJt kjJL* t 1 • i » • ^ 5jl jJ~\ oLrji ^ JyUj—JI 

. till 2Jljb jJ_J ^-j (JJ ^»Lfj JVl (»j *>*j c J jjx£) 1 ^ iJljb 

• J^-aJl ( > t ) JXjJI ^ 

JX- 4 JI ^ iJljl Js. J^-Ul JpUJI <3t j£-Dl J-Oj 

,-abjj j i AJUi* tJjjAk j£-* £j->tj J-iail 5 jj-al> j^ssi frUl 4 JI 3 J L»t t J* yjall 
J--ST jjJ~$Jl J>/* ^ ^ gSliJl Jjjj • #jl jJ-l £U3jl £. J^liJt oJ-i 

l* j ,£ « J w> jii b j£j 01 jSi J «- frH 2Jljl ^ jll 

j* till SJljl JxU: ^ j^-iJl jll Is-yt^A j j~9, r 5ji ^ 

JiL_^Jl 1 : zj j—fj') J- 5 - 4 JI 2 JljJ J^l-A3 oL 3L*-jJI oiA O j—» *j . OjLjjJJVI 

t > ^JL»Lp a L .- a y ja u— <iLill ^jjiLJl j*-*uJ-l <1)1 . Jp j-i-Jall 

. jjjJl c«L?- jJ 3... ■- ;lb 2_ r j xk..-.l l o-L-JI 03 1 j ^jjJULJl JJ bJI £j 

# 

■_ _ - * •Lp' ^jJ] j-Jcj ^Ja— Jl OljJJ JsjI jjJl i$ ji oli jJuflJl ^ LaLi> ^x~xj 

. UUiJl j5*l jll 2JUi ^3 li» j^JL* bl*£jL> Ia 
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t Promoters and Carriers j-ad Ij GLcJa 

t 0 ^s> J,* -; . i j A Ji* j& U- (jJl B JJL# 3at* 5iL>J jla 

jj» jiUM ^JLfr I jiaj ^JlOl »l jjf 3JUJl£ £l dj&j 

ji U-l 'j gv nJj . bfc y-~Cj JLUlIj S.y>,. JaJl jjM 

: a~U iJUl ol?-LJLI j~-i <Gli 

. B 5^ --'j Ol^-L«o> ( *«^) . A d^UL ( I ) 

. *-£ ja j\ i>,JLg J B j A ,jJLc Jo*. .V !i o\^-L~* (_? ) 

iJLJUJl — 3 l»-u* (Promoter) jll» (B) JiLaAl 3 jU1 

1 jiVJ-t J*iJl ^ 3 jL) J) ( jiU-l JaIaJI j* ttUU 3j-i* j* Jit ) 

JlJ-I Ji jl jl\ oJLa ^ 4_JL*_aJI abjj j . oLj ^ 11 ( > o > jX-iJl 

Jii ^ i jiU-l JaUJI ja ( j-jTy ) j-*a yS y fjL Xlp ^^aiSfl 

j' i M** iS J*^' <y -A* j* M/ 3 t* iJUi 

. ,y^» j-T y J*aJ' 



GUUtjak^SiUi (\o) js^n 
. JUfcju£ - D 
. ^uboi ^ vA4 ( * E 

jUJt V 



JIS i-j ^JL. a_*T <JdJj Ujlx (Carrier) JaL^-L B iiLidl 5aUl j 
^ j . jiU-l J^UU iJbj-iJI ^1^1 4>e -^ J^U-I U+* O^Jj . >U-I JjiUJI 
^ Jx^*^ . A 5iUI ^s> I jmOxL* \jjAJA JaoJI jji-jj <JjA* Ja3 JaI^*I 
^Ijji ia — ft JiLiJl G . J-l j-. J^lit U%‘ ( n ) JXSJI 
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i^L~* p jjj J*-i)l 3 jl t» fljja j^a :£.> c jJ-l 

J^UJI 5 y i^jb ji^-l 5»Jb»i ^jJLj ji j . ji 

I jjfc ci — ^ jjj . j£— tJI ^ H JajM U-T 5Jl^*l OJLa i_JUuUl JJLij jJLi'l 

j 3 j . (DElayed Dilution) j>U 11 Jui *Jb JjuUI J-»U*I j— ib 

J ^ Lb J*jUI J it oibj A jiU-1 J-.UM JJ B 5dUt iit>} s_J 
Ji: j . jiU-» J^UJU 3LJLJI >t jo*i ijljj J* iiLfcil «UI J*aJ aii j 

jSLiJI ^ Ub B 5 jUJJ ibbl iJUi JLa ^ 13) A jiU-l J^bJI LJUi 
Lb* ) Lb jb l 3 jlaLm 4 iJLi B j A ^ d ^£il1 Ju jlM tyb ^»JL! <I)b lijj • ( ^ V ) 
^JL* iJLfr JLJbuflJI oJUfc Ji» OlS ( B Jat-I jjj ) libi Jil jl ( G Ja_>-I 

. B Oilil aiuj Ji iHM* Cli j^^sJI ^ ji 



JtbJlJak^JsUji (n) JS^JI 
.^^LutJcuipkJ * G 

. iitiDl^i* * J 



^luK uiSUU 4_UaJJl 





OV)<j££ll 

t ^uj^Sut ^lc Jaluj *1. ' 

. JL*fc k-b >1* * A 

•jA»uA&‘>V^J*lbp-B 
• J/*iu5ai> j23<*£>u - c 



^lili &S+U 2u*Sll 2lmmX\ 
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t Promoters CtixAjii 

JUai-*U j-** ila-il y> d X ~ Sj\ Jt^sM ja 3JL£ 

^jLe- ^ y-*i <$ jJ' (Supported Mickel) Jj— S\ JiLjl jJU-t J-»L*JI 

( ^ A ) ^ 3— Ou^) CJl f j ( 5jl J-*i yS »L ; .,<»IS'SM tjA 3jjJ L- Jx* 

£>J L*_J < J d.- j%j Jl < L .LwJ ^ jll yS y ji ^jJLc- i*v~£j Jajj 

^ 3-Jjt oiLj L»ji i.^.j ^ 3 ^11 3jL>J l>] . 




OjSUUa^lXu* 5 * 1 



- - CO Jl >I»Y Th0 2 ( T) . Jk>.(U)J£Ati 

CO JI>I^VCa2 0^(>) 

- - COj»>y.YBeO(0 - - C0 2 Ji£*'YTh0 2 (T) 

- - C0 2 JiJltYBe0('\) - - C0 2 J!>L»Y CH 3 (0) 



»y ^ ° r: :»- ;I c$>i^ ^ -^j 

L*li Ha OjLjxjj . L*-L— » 5 J^J Jjcill dtajj < ^JLoIt 

. jux^\ j* u-i j^uii jj ^ .Ujji x— r jt uu»| x* 

Ji* ^^3^11 jji O j5Li t XjLi-» j OljL-^4 J*UsJ -L3j 

gL J y~aJ-\ d--*v> «J_-C 0j3 J-*J» jL-^4 J*UsJl 3 -Li 5i^j iJU-l 

U^Ljall ^ j-— <Uj-J1 JL-. *Sj\ ja iJjJLJI IJLa ^Lft Jliilj . Jji 
3JUi JaJ oij . OI 1 -- 4 JI Jj>*^ J-».. »s .<- H 

O^c-Laj !>.■{— u ^L-^- T J*U: SdUj £• jJLM J**LaJI 
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£l 31 J) <^jj ^yJl (Polymerization) 5j— JUI j (Cracking) ^ ■ k* -MS 

i U-l J I JU 2$U d>J»£ o*>ULaJI cJl* Ji* JJ . jiU-l JaUJI (Fouling) 

. J Ja— Jl p+-~» j i — — » jil^-1 JaUJI Ja— » ^ 

* Carrier Action 

SaLjj i-A— kJl y- J JU- Jd»U JJ iJUall (Carrier) J*li-I JL-ij 

JU-I ^ J* U: aalll J . 4-i JUUjUI a! yJJ i^Ja-JI o*1 LI 

U^i • jik^l JUJl 4-a. j .Jg -tjAtJU j_Ju 4i£ ^ULJ Ur jjl^-1 JaLaJI J JUuLlI 
o-L— il JIg 4-Jj iiL>J c£ JjuiJI ^ j-yj3 jj* d>JL»u L» 

J^zli JU-I jji Oli 2 J-S flJu CJIT bli . jjU-1 J^UJU aJUiJI JL^k-Jl 

t (Inert Pilment) J-*l> JdJ^* J j\^£ d— >- cA.i * tH Jb jJxs- 

JaLaJI • CJLT bjj . \JLjj L»lla:il jlS i ^jjl i_J\_AjiJt < ^AiU J 

J-Ji ^.Jb l^J 0 -» JaU-I 5iUe>l jli i iljjyc* (Supported Catalyst) JL— It jJU-l 

iJUiJl JiJj . \j-S jM-\ JaUJ 1 J Jbutfl ja 

t JL& i Iju*- I j-~w jili-l JaLaJI J JUjoJI j yJS y ,a,j LiJjx JaJLs 

^v» jjbM JaLaJI OlT bj L*i . (Delayed Dilution) ^>Uil uLuLmjJU iJ jJLJl 

JuJus- c— 3 4-Jj Jj*U- 1 iiU>l J^i 6j~-S i-c-j— u 4 jl*»L~* ^aXc-J c^jJ' 

. JaaJI J it ja«JL* 5iUj 

j.rjj- 1 ; ^ ^ illjj J^Uij J ojUL?- Cu j Ti02 $1 Jl c J Uai. ^! jUL) 

MgO ^ J>1 1 jl-JTjI Jj i* iiU»J Uaj d.U3 j ® * * i srjJb JL^j jJI 

TiOn . Jj U ^iU-1 J-»UJl Oi Jurj Jij ( > ^ ^ UJ' 5jLU-l al jil ®Ju JJ 

I J& j-~ojlLj J«»L^-1 jji jtj 2 jrr^ 4 j -nh i> MgO 

^jdauj 2 » j.s> 4^3 JaI^- 1 jUtl JlJ-l JaU_U 4j»»h .«11 i^LJLIj 
Ijl ^ j....^jJ>ll .L Tjl 01 j . Lft u2a iLii OltL JtA> 

JLf' ^^JLisJl tjt- i^Je^Jl iu»-l— JLI uAi j-s3 d —~ m jJU-1 JaIaJU b .1 ■* 

jL>-«ur— >1 JjX’ J-LiU 1 2 jJsUb c~t»J JLij . i^jC 4. ; A 4 — aJs^ o-L-^a 

cJL^ij J dAJij ( Y * ) J J A ^jj^Jl JL— S jl 



4A 
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^ dJI jiU-l yS y 01 j^s ^.,'r?Tj c~~y 01 jlSsj jJIj 

. UjjjIT LjLjJjt JU^ju cjuiicJl 6 JLl£ 1*Lj 




^Ls»in > SjLiusat £• Ja_i ( W) JS-1H 

J*L»JI. *fl« » 2^.^ tti J 4 1 f ;"** 

. T 1 1 *i<* i. rt J *<1 \ ITlj X i t'tf. IjLli ■ > jLXmSji |*> latlmll 





(f.)js^fi 
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* ^L5yij3iiLftytj 

l *Jul£j . JI«juu 4^M Lyu jJl»- J^Lp ift aJUJ jjoiLuS 

JJ ji aJLpUJJ il jil Jl JLiLi il ja jt 5iU ^ UJJ liUJ jp U*U ^oiLdl 
3j><_yJ j^wJI . (Poisoning) t »«..--Jlj <Jl* y «JU aJUjdl j^i jiU-l Jj»UM 

iijljjj Igilji jl J&J jiJ jilj-1 JaIaII Ja—i Jp SJLiy «L*,.JI 3^111 jlji«y 

<L_ — J--P a J L»p j*-*— jJIj . jjli-l J^UJI Jx«t Jp 3a^f Jl aJIajDI j£\ Jl» <u J 

JaUJI ^Ja-4 Jp aJUJI Salil j\jz*\ ja ^Ul ^iUl jlS* lil Uf (Irreversible) 
3 l jts JU-I J-*UJI iJUi JJis J oLsJI JJS j (Reversible) L-~£p JIM 
(Pref- jjajiil jl jjL4^|l Uaul JjU^lj . (Retardation) aJLP^fb uU* j 

JaUJI Jp JpLLJI ja a*UI jt aJLpUsil jl Jl erential Adsorption) 

J^UJl jwk-i J p i-J j^IS* l*UL j* jp (Fouling) ^t-J'tfl t*t . jili-l 

L^J o^UJ J jJU-l J-.LJI JL^JU^I dlb J c pu-l 

^1 Jl >lX£jij ^ja Ijl 3i.ll . Ajj „h p ol_T j-* jt oU jjjLS* jjJL-a 

LLLJI a_3j . ^1 JjJI iL^vJ 0 jXjj a .,'fl a will 3jl j-^l oUrji Oj .J oil 

A-«-iL». w g aJjlp j 3jd?l Jl 3jl j^l oLfjj ji 3 j_«JLJt O^LpLaJ ja i-Jjjjl^JI 
dUJu JJLoJ j jiU-l JaIaJI Ja—i A-JLwiJI LjUgUJL MjaJuj. f\jA I 

. <jl LUJI ai» aJIjl . ApJlaij aj^-L~*» 

t Poisoning ft* 

Ajdb pSj Jplidl Uli jjb- JaIaS* JUAj-l JUjcl^L LJ J^^fl j: '<b€- XlP 

•^rj as j . JpUJI vUl frill jUfrj jl j-r jjA^Jl x&jS j* UJi JLki” z yry. 

i t 

O _^Xj A^UjJIj lie» j^d>* L«jb j jXj U j»\fl ^ A.>~ji j-5" j-jtj jt 

* ^JlP ^1| L jj>iJl jj jji> ^ j^iil J^JL^I JL ..j." j jmT u..yi.^o A^^Xp j-~P 

3iL i -,-jl j . l_jj^*il j . ..iaytaJ A.. .^.‘JIj ^Ul JLf JL^-I Aj JjL^- aJIaS Aj! 

aJlc. jlj-*lj j J^iil JbJL^I JLjj jS (j JUu Jaii jiL^-l J-*IaJI A^JIaJ 

^ j ^_J jil^-l J-*IjJI *.111 jli<u j-ib Ut . JjA^-I aJIjj^I Jp y6 j*j 

J^UJI ^1 OljUJI uLi4 JP Aj^lb ailjl jl C^/Lj lLXp SiUdl 
C-a j— Xll JL_Tjt ^Iaj JJL* otjlp illiAj . aJLJj jm»Ja y» : II AiP jJLi-l 
(»* ■ -« vr-jj j-iU-l i^Ip *— 'jJ— »^1 a-** yjj ^ j— ^jj-iJI J- s —ili'tj 

. U >.Vi ^,9^ JplisJ jiU-l J-UJI 




—A * _ 



^ rc 3'AJl — Jl jJ>\j (Maxted) jlu^U ij*j* 

li£jj J»iAj Ajc-dJJ j-~£ <o oLf jll 5_>-jJUb juc- ^iL?- Jj*Lil5" Jl' 

<LJl*-i coUTj t c*j ^- 5-JI A-— Jfjl ^JIaj SAmJTI ^ij ^yjfjjJL^.11 

3-— Jb iJ jJL-JI I jjfc £w > jj ( Y ^ ) JiLiJl j . 3 ua-JI SiUi ^-S" jjJ 3Ja> SJb jJU-l 

^jb j»-*— — dl jL«JUwitb CUij £, Jl X~~£ j i 

jy±\ J*iJl JU- UUJl Jijj 4 l> J jl iiUil 3.4..JI fiilil 

* 

L »j^ CJlT U-g-« JjuJI ^r 4 Jjjc* Uaius*w« ^jLjj 

^ .». ,.~_;JI 5J*^ J_< 4-y-« — ^Jl bill JLJLaJ . <iL^ ■» ,..«Ji oilll 

j£dJl ) f -;11 Ja-M J^j^Jll (Poisoning Coefficient) 

k c = k 0 (l-cxc) (3) 

k Q j 2L-<» II bill j-» c jlJLill *yry. J-c-Udl ^ jJl Ji C~»U k c d--j- 

aJI* 3 01 jXdJl ^ Jbj-Vuj i i~*_Jl bill t->l -a JLit J^UdJ jJl ifrj-JI CjU 
L*-~- i ^iU-l Jj»L*J 1 ^Ja— i jjJU- Jl bill j-X y bbj £* llk> JJL; jJU-l Jj»L*JI 
^jjLiu ^l — -Jl bill j — T ot ^ — Jl J*»l A4 jujmjj . yS jsl\ Jjs- 
JUjuuj Uh£* t A-*— Jl bllb dlkill ^ili-l J^bJl b-l— • ^^JUj i Ijis- jl^ji^l/l 

. A ~jl> jiUJ J^UJU aJ£J! i-^k-Ji b-Uii ^ J^U. 




^^>^l>i0.35^Lc3u*«J«SAlli >db(r\) jsdji 
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: £ljjl ^Jl o-Lio j-j^LJl ^ ^jJI jl ^11 tjuuajj 

ja (o)i-oLJlj (O) i-~*U-l Is- y*Jz\ ja ^-ax ^ ^Jl oLij^-l- 1 
. Te t Ss ; S i 0 i Sb i As t P i N Ji* ( VI b jf Vb) ^jjdl J jxM 

. oljJLiJI Joju OU ^1 j\ OLS* ja — Y 
. ( ji Jijljj ) Ju^Ioa Jaj) jj ^ JULiiil oLxjJ-l - f 

j^JLJ l ^ji wUj x—t^-Jl olj oi (Maxted) xl— S'L* ^lOjI LaJ* 

ja 3 — J^Vl ^ oLjy^i) i — ^ 

I Objji&S' JA lg-j d iiJLfti jJLtu jJI olj ui . 4..A..JI i-jjJLiJl OL S' ^il'^lp 
( Cr ++ Ji-* ) d iilxi ^ oli jy£S\ J js-£ dlls OJiS ” j 

jdl ^ j-J^JI d iiUi oUjjj^Jl oi yJLiJI j . (Mon - Toxic) x-a-* j-i 
Jsjljjjl 4.»...-.J» jl L L-T ^Ij OU ^ajljjJ' JJ ^ {•-*' — j 

Vb is- y +£ I j® cSj-^ jJ' oLS“ jilj . JLiLf 4iju iijyw j-x ij 

jj j^j ^JU jiLlil J-3lXdt oUjjj^J] j a Ls^jj OLLc L*Xx a-*La ^i . ; - -a 1 VIb jt 
4., .» -IgOtil oLaLxJI J JJj . jljXA»^/l i .!.«. fr ^j5 jjU-l JaLnJI ^Ja-A ^a <Liajl ^Jl 
jL ^ JI ^k-i Jx (Dimethyl Sulphide) XjXjj-£Jl Jol* ^5U 
-u_~jTL» Jbrj Ui” . 4 -JL-»Lj JsjIjj jj j^j £• jJUAJ d oja- J^-U olijj»i£j^|l 

jl ol^JL-Jl jl oUJ II jt Oli j-iLJl jt oUj jm^JI ZJxaIjj |».a-. — *-; V j-j^l-Jl jL 

. OUUj jdlj OUj j-S'jjliJlj i-ij 4 -l^J j c Oli— *jjJl 

iUij t IajJ&a1\ Ol-Uxjj~^sJJ ^a— J l j—jldl ja jjolicJl 
5 ^lil Jj J l^*l JL - -. — S *\a ^jJel U-S" . £-JL* ^jjj^Xjj v— — jlifi ^yJl Oli julLa 
JaIaJI jld hiLj jj^aIa- i^jAA Xx aJI j Xii . ^»La i ja-i.A A— «— Jl 

J^-* ^ ^rr^ 1 J-* ,>* oL-a-^ zyry jJU-l 

Jj ^ jiU-» j . (Thionaphthoi) J jisU jjliJlj (Thiophen) j-ijjUlj (Cystein) 
Ji* x~Sy JaU ja J-JLi iiLoL OJij t i>L-» ^ olxi> JJ i—*— Jl il ^11 «Ju 

. Oli—> yjJlj OIaj jJ" /?J lj Ols— X jJjJIj OULa J l 

j-.i? : «ll | ^Jx J-a- : i j (^JJt jil -T jj j— jl j jjtijl j CL* XiJj 

JiA Ca^J' OL^ ja. ja aJLJLa JU-^-aI. xUi j jjU-l JaLaJI JjJ Js. ? uji 
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^ tfSUj JLsM JjrfUMj J*Ulj J^JVl 







^ j^H j-iU» ®^T Jl J— jt-Jl ot - ^ 

Jl ^LJI £)t vU^- 1 ( t Y ) JOJI J £*\ J y> ur vT j-JU 

# 

• 4>* J J-i" ’" ^ ^ Ui-f JJLi Jr^r Jjj— f5l 

. ol.i~jj_£Jt olt y**y* aJU L Jt J ^0 eiLj ^> ^4-«Jl Jij — T 

« « 

JJLa> v r >- r ~««j U-*-» L*->s->- dJJ Ls x ^3 i-Jli c~» j *£ Sji i^-j 0| — V* 

^Li J-J] UiT c-jj-JsJI l3ji cJt-S" lij M) 4—-S* jJLl U.^- ^ 

. ( t r ) JiLiJl dJUi US' . jl zjjS 




-7 7 

10 * 10 * (_v« I »>/•»)< 

^ uuS ^UijAUJLJl J^la ^U»G ( U) JSLUl J*Ufl <> 0.05 n«^1 ( TT) JSUN 

! flLsu *-*Li£ j * 

■ u1j>JS <jjU» (JUi ^!>G5 - A Laj^aS - C H2S-A 

. ^jlU - B - D CSj ■ B 

J^jGt ' D (J i UfrogJl J^jl5 - C 

jlAjj^JI J ^jIj ^jLu - E 





-Ar- 



\jtJus. ilc-LLi* 5^1* J_J ja <1>aJ- j U £ . Jx-LLJl £U j* 

j'-r-*! (*^ w’vj * L? "' J cij ^ jJUjJI jAj-tji jl ^1 p JcUJi 

j' j-i*| djJ Jl> jj\j~\ Jd»UJl .4 ^la m JLAjlii ^JaJo 5 .L.t j jjl JL^l 

• 

JJ ( T t ) j£-iJl jij LJ iiX£jj Aifi iils-y\ j-gJaj j 
<lla~<*ljj sLiJS-j . iJU-P jil?- J^iIaS* ^tJL#u— it 

SJLc^lt ;v^jj . jJL>- {j —* jjVt >t Ajs- L*-» j— jrjjjuJI j 

J-*l j-£ ^IjLm^jI JL^ dJLSij dJL&L-Jl £lJt iSa-^ljj jj jjuJI A~~~S jl 

JL- 5 _lj j-~£ ^jLj 4_^jJU» Aitf-j . j-ftLJl Ja-> jt ^Sfl Ji-« 3jUL*> 

ojujUj iilfrj ^jjLio J^liLJl oli JLp\ * J^LaT J^-Jt jl~j jmS' la-< J 

^ 3 j-r-T i- 4 *yrj ' L srisf ,yLSik-*\^* 

. J*uji 3I4* 

J) orjJUb ^ . OL^Vl 3 A-i* iiuy djZLsjJj 

J yi- Ola jjb- J-»US* f jJJlJ ^11 ju-J' jt fUit-v-Lt (Styrene) jj 

^ J^»cdl j-s- j^Uli J-jt 

. J*Udt jl^r 




3uii. °r t ♦ X».j j ^ ^i^Vi Lu>»Vi tiiSu ( rt ) jSLUt 

.(j^*»j^JLJi^^l Jtj » C . dSutltl ^IjjUlMl * B . JiUdl^t^jjJ^i ~ A 




-Ai~ 

t Fouling Catalyst £Lu3¥l J*Lc 
jiU -1 £vk—* cf ^ 1 LLL JU^l y ^ ^ ^£^3 

. 4-JLa iljll j' £j\jyt)\S Js- SJLbJL^ii o^L^LijJI < jja * j t-^yr\ 

- tX-JL — !lj L-4 j» jJ*iM ~ t£JLJt j^k-j f j& i£*w (Fouling) 

• ^ ^ ; “U «,-... .1 1 L — ^ 

« 

jMjnf jJ |^ki -^''J^ j! A^J «AAj| 

: ibUil 

dc/dt = k/c (4) .-. c= 'J 2KT (5) 

J^-LcJ jiU-l J^LJ! Ui*J v. r rt.^iU^3j . c^ti Kj il j£}\ y c 

* 

* 

jiL^-i J^liJI LJUi siLf-j j£+jj . J y Kty&u l* jlJJL# py b.. ..»£■£ j»— J>jJI 

o^bLcj {.t^-l jut <Lj jjjl^JI LULL! iLLLi . Uli i3 ji£j! ij y -Uj 

. Cr 2 O3 f Jj^l JL. r ^S*ji £*Ja— > ijiJbu>uj» CAi j^jLf jj JL-ft j-* i^-jJL^Jt 4JI3J 

yy ^X : ^\ i— < V*"^ 4 ,^’ L-Jjjjt£’ LLb uaLv i)l— X a ^i£jbJli 

4 Je,n^» i-fjjjjlS LLflj ^jkc-1 JL&3 £)Ljl> jL^jL—JI Lit . Ob., a.tjVij OLi--i!jLJ!j 
. jl jJaJDL 4 g j . .b yjyJ\ ^ LUL cUf y JLjQJt bJbjjVt o^LJsJV! Lit . Lj yj 

^JUjcL-di Cr 2 0 3 j Mo0 2 jJLUJLj i-JUiJi OIjuj <!)t jyj juJj 

Laj^il y-i 2 -J yj\£ jjJ-A *^»L5 ’ y ^1 JaU3 y j^uj yjljb 

dJUjj iJbuiJ! oljjti oJa- . jit3-t J^UJi jrv!a~j y Lju Jjf I y 

- ojjLil 2 JL_i!t ji’ljll JLS JLaA J-tLjdJ t Al 2 O 3 ik-Ajj JL ? — . S , jl 

LLLjM lAj j^J .1 j-jb 2 — ilji dJLLLT c-£j . i-j jjjbT oL-_T ^ll jlja>] 
jl5*j . jjl^- J-*btT ^ jll ^la ■!■» yX. & yml jjUJI 4^-jJUfe ^^JLp |»»i.iil jUJ 

L«t . L_r jJ-gJ' j£-Li_J 4 ,. — LiLf-i ut-j j-JL^ifi OU ^11 ILw^r ^ 

. jil^l J^iLJj LJld U^Lmj! <lU jJL^LmJl 

jULs . jii^-1 J^L*Jl ^L-Jl ^sJl <y jjjtXil LIaJI ^s* ^ y*\ }\y i3Ljij 

X. — T jt JL*>- ^Ja-- i-kij V-—-J ( Ojj^Lj L ♦ , > |*-PT^V ) jLxll Jjlii jt Xrj 




^ UJt» UUauLi tiXi* J^LLdl jUjt Ui^jr j JLfr dUi j ^3jll dj-J-l 

. (lit jlfr Jj J**sS JL rn.rn.fjH iSjA^\ JaaJI 

4-l» '"Oijij jjU-l J^UJI ^Jo-i ^ O^i) 

dUij jitJ-l J-»\aJI ij* JJtjJ jXajj U^* . 4_j bULJl OJLmS'Ij dJUij 

. LlLJl £* JfrLuJl -’ a-^Lji ZJ L-*-S* Jjjf 4dUt*-c 

t Sintering JLuOl 

«ufr Lf Su*,,.,,^ jjl^l J-»UJLJ i _ <^U „ li o-L-il Jjtt U LJlfr 

UJLf jJS\ LJUaJI oJla U>ji£ U-S' . (^jjLM JajDI ^ JlJii 

^^aiUJ o^.yii a^Lfr <L~w.la l .Jl o-L-Jil ^iL^Xil d*JL^uj . Sjl j^l o>»j^ 
oljJJI *S t-\ j*: dliJlTj i jJU-l J^*UJI ^vla— » ^s> ZaJI jjl ijjjJLLJl w^-aII 

5 jjbltj t UL-jj Ijl I jiTt ^Jj jiL^I J^UJl ,4 ZajI jJt oli 

. j-A-sJIj i j.ii & I ZjjJLZJt j ji ^ ZajU jlJLJI 

^ iS*}i 4Jli jjU-l J^LaJU Z ? *la.JI o-L-dl OLT 0|j jlJUIIj 

^ji AjjjjdP JLJbil 4JU.fr J-»Ia)I jl jJLlJ j OLj 5ibj ^J| CJ jJl 

w ~» «aj'^ -uLJJI a J-»- jj 4 mmJIj aajO <^Lm* ^JLfr jl oUJj^ 

J^IjaJI ^ Uj^fr ^ jULJU j»fr jiTl S j .ia^l ZjjJLoJI <3 j3 

ojUM JJ jjJL L-tUi ZJL^Jl ji Z__«J\j ^Ja~JI Zy-l—> * oL^udzJ I Jjiu 5jUL^-l 

. Ail JoLHj ^jJLfr jjl j^\ ol a^jJLUI ^ jj jjl JJU jfJLd>* 

0 oljJLaJI jULJLI 5->j^ Jit 4-Jlfr j\ ^ Aij dJJUi oljJULi 

i3j ^jLaj UmJ i Am£ jJ~ yjLM>#cJl Jjj OJ Jjtj JU )j . AJb i>»<« Ujl ^ .<*1 1| i'Lflj 

# « 

. 3jl jk - 1 ^a>> Ue> J^»JL» IjJb jJlj 4 a ell 

t igjrtfrfcf 1 ^LulSLu 

Uijdy Jjfl aJLfrUJklj 0 ja)I ftJJLiJ JjUaj jjU-l JwiIaU 3 a... tail 4iJg jJl ji 

jr r '* i 0 *U Ol jiaJ-lj . OuUdl 3ta.. ■ - .S I dJjJajM ja dJLfr | ^jUa 7 5' JxUj 
5 /j ^^-1 . >iU-l J-^IaJI J* lL^tl\ oUljjJU oUIaJl 

oliU? AjjLij* JV-?" ja JajjJI SLgiLC.ji* ^frj jjLi-i J-»LaII jja ^fr 5ia — >^» 




jib* jUijr a *■ L*JL£ oVwX-LiLJl ^j^aJ ..Va j .1::!' 

J»b jr-tt v>b *JUJt1 j**«Jsusy ( ♦ ) JjjJ-lj . ilc-Ltd.1 il jll jjJfi jt- cilbw 

. ftJLA 



J >*U Jj^ j^ljOb (£) Ja^&TJi £QU®3jjta* ( > ) 

^buU jo£j ^ibsleji^Jai ^ j^u tL^Acliu) 



J*,bj 

^y-jbtlL* 


JcUu 

* C v« • 


<3*1*1 1 
JAbJ« 


J^L-^JolLTt 


14 


25 


Au 


2 HI “■»■■ H 2 + I 2 


58.5 


29 


Au 


2 N, O — >- 2 N 2 + 0 2 


58.5 


32.5 


Pt 


2 N 2 O 2 N 2 + 0 2 


so^y-ri 


39 


W 


2 NH 3 — — N 2 + 3 H 2 



J> Jit b j ,lrr _. .t.-.:H Sill? jl J jJjM ^ 5jjXilt Ob jJUJ.1 



.(to J^LiJl ) J^bLJi ^ >. ^^Jbui* J^lf- iJb- 




JMJU) . ( J-U ,>m« ji ) ^UJil J*l^t I Tfi) JS£N 

^‘>1 wi "tl Jg.tfl SU ( A ^0^, A^ , lojl Aj 

. 2&llali T j JaUuU yS\ tluD^A k ., I full ta ic. 
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P Z { ^lp <JL i ysj J^-ULJl ls> j-~* of LojU \ •_■*.. frji jlSJj 

oUjik^l jLs e*^ 1 J Jb. A,:7» lilk E t 01*1^1 5XC. Z jUi*U 
jij yj yJl j-ju *jli P j t L»t . E ^S> jt Aillaj <1>JL£ 
^ JL^I jJL) 5 jjL*»a P iu.J 0 j&j • loL.fl.il I oLj ji (J—J 

iilkJl l$J jv—flj 4 JL 9 U JftUJl JLX ioLfliil OLJjJjLI ji j . 3h. ...11 C^LfrUJI 

H -I 

I I il jll yJ * jj lb .<) j lftJla£ VmmS* 0 t LftL«flJl li«l£jl 

1 1 jjJl 11 a Jjl* . J^Uill l£Ut al^ilj 11^ Lull 

H l : U_^JL HI dl£i3 jl* 

Ltj— < oiL} ( twJLail ) L$J^LL ja J^aj ^^Jl Lj^ jl^-llj 

U-_-» \$.i..»fti oLjJI 9JL$Jj t iUUill Ol_ijjJ-l j-j JJU- o^Uj - \ 

. ( Z a*J 3abj ) t JLaiAJLI k ^ 

j jXj L» JjLft <u. jj» 3 jkLl a I* 0 j&j 1 t*— <li» ^liiiil dijA^ JL».: >•! 5abj - Y 

. ( jiU-l J-»IaJI ^jIJ: xs- <ji ) ^-jbnlll J^UaU 1~»-Jb okl j p uJ 

-LAaII 3jl j>> 0 L*JLi£ Silt lift d>JLau j 1 (E) k....l :,:,ll IJU? J— iij - Y* 

. UfrUill at jJU U j£\ (Activated Complex) b..V:ll 

iiije jf UU^JI jJlijJl jl I ij . jujjt j \ — e J^UJl J--J-4 - i 

a-Lt ja ^L*JI J^LiiJl Of d — -**j jJU-l J-*l*Jl ^.la-^ ^s> Iftjljmj 
sift l^o- ft l jj . 9 ^...,-r k.^.V.:.* lJU» l j :4 ^f iwl.lflL^ M Ol jixi- 

UU ^Jo — j HI dJ&i3 J^UI ^brdl ^ J^UJI 5 JNju ikLJI 

’3 ' M 1 -^aJI jft 14UI i >Jlj Olji Of . v-^ 

0 ^hk^Jl ( ^lfr 3jjU>dl olji JLfttaJ 4 u L*L*JI 

OjjL^ll J jJI Olji JLftt.Jj . J-*IaJI ^1b— j j^\Ju jyJ^jjX^A OL!j jjf- 

*>• >»r jij^ 

4 

Oli 1 Jiikj • 3 JL^Ij 5^k>- ja Vx, ol jia> ^ijf HI jft jmLmij^ dJL^ij 




-AA- 



Olji j j£j J-o.,:.tsj J^»U ^Ja-* ^^1* N 2 O 

5jjl*udl Otji Aj *. sjj . ^Ja— Jl ^6- ^lio 

. JujUM iJU-l JJ ^k-Jl jiUj oi dJb v jl jtj£s) ^k-Jl 

: aJUI oljJaiJ-l ^JL& l» y»s- j*i> J^LLJt jL—* J^juijj 

. ji\i-l J^UJl ^Jfl—i ^jJU Ig >...<.r jl ( JiV* (Jjt ) SJUliall *1 ^11 j^jl*-} j^j ( f ) 

. £uk— Jl ^Jlt OLjU Jjf-I £l£i» 

Jiij . Sj-vdil jJISjlH J^Uj jl^- jf t ojjuil JL-JOjjf-l C^) 

. JjjUJI ?JLr-l j* A—Lij^r £* ii-W jt ( i-ljjif j-j Jxlij 

• J* W» ^ ^ >UJ» £\ji < ^ ) 

: ^ 2U0m~JI £)t 

. jl^yi oL-Iji - \ 

. jl 3jl j*a}& ji — T 

. 3l jjijl jLxIl Oljja^* ^ S _^ia>- J5” JL«*1 j 3 — f 

. JpLfiJI oLT j^- JLilja - t 

. Jx-liJI ibU * ^ (A) jr*- jlJLiil *\*u\ - 0 

. w ULLJ I jL~* ajuIa* JjtI (Isotopic Indicators) aj^J aJt Jft-UI JU*-— >1 - n 

eiii’yi iAa JjSm &-*** J&y •H? 

aali iL--uJL jl Jjl ^yaivi oU jLk* < ^s> J ^ jl oL-jIji 
^JU- J j .a itilJLT . Js« Jc.Jlj 5jl j^-l <l*-jJl) aJIjlT J^ULJt j* JL^lJ jt 

jJLaij OL*jJL«j» ic- j-a oL » jLm 

^jic- jjti jJl a »■ .Ip lJ JU J ^^jcJI ^ oL^ljJdl oJL* Ji-» 

ji jl i^M oUT li] l* Ji yt* »*-fA3j t*T . J^buJI frLii jjli-l J^UJl ^vk.-» 

. J^UJI AX>J— J fljjill 0 jkJ-l Julie 

JJ 5 J^ ty*y* v'l^Ji ^ ^pil^l J-aaII y 

6jl JL.—jjj j . ^jJuLJ JL»JL> i , ^ ^ ll i-jL--J»-l <3 

, t j ^ ^3 ObL^i-l oJLA A. jr »J>i jL_J Jp jjjj . J~~£ A Jl^-* 




j y JL j ^?t JL*-^+a J^-LLy O^s 

ijL-JU . j-k-Jl ^JU Ijl^j ^71 oL^j^r ^UJ 

L--JL-JI Lit . 2.5 j 2. 1 £Lj 0_^ j j--r jj-L—fU igUj-f£JI 

ojJOJ cJy J jy^Ji 4.7 1 iijgi JiLJI J*2- ilb ^ *<^1 j J$LdJ l-Jb ^1 
jA^IjirS I6.4^^Ni-Ni i±u\J\ UU> ^JLjj . 1 .67 -* jjLtt t*;U ij^\ji\ 
: J— f _*Jt ji oU jIaII eJL* JLiJj . JL.«.r~J< ojl Ol* jJU> J j-<JJ 



E(Ni - H) = 64-6 kcal/mole 
(^) 



-(Ni 



(s) 



H j = 57.2 kcal/mole 



: Laj\ iJLJl C>U jLdl . j£-JI ^Ja— 1 5^i 



Ni 



(s) 



E( C . C ) = 66.2 kcal/mole 
E( C - H) = 99 -5 kcal/mole 



: i-JLJt Ol jleAl) o ; l ja- uLa oJLa f 1 

H 

► 2 | +25 kcal/mole 

Ni 



E( C = C ) s= 112.9 kcal/mole 
E(H-H) = *04-2 kcal/mole 



H 2 + 2 Ni (s) 



C 2 H 4 + 2 Ni 



(s) 



‘(s) 

ch 2 - ch 4 

-I \ 



+ 6B kcal/mole 



Ni 



(s) 



Ni 



(S) 



C 2 H 4 + 2 Ni 



<*) 



Ni 



^H = qH 



H 



(S) 

CH = CH 2 

1 1 



Ni (s) + 2 Ni (s) 



C 2 H 4 + 2 Ni ( ‘ s) Ni 



(s) 



H 
1 

+ Ni 



(s) 



2 C 2 H 4 + 6 Ni 



+ 63 kcal/mole 
+ 31 kcal/mole 



H 

I 

Ni/ 



(s) *" <JH 2 -(^H-^H-(j:H 2 +2 „, w 

0 Ni <s) 

+ 150 kcal/mole 



Ni ( S ) Ni (s) Ni (s) Ni ( S ) 




-> j ^ j* 5 j' jT ^ ^! J **y •uj 

sJuk 4 JjLL* Xlc-j . J j-*!! ol j*-~* 58 -> jJLJ^U j J yJU ol j_r—* jJL-S” 3 1 

: JLj b JJ J^jdl ^1 UiTi^l <^l j- (^ill 

i -ri* — J- 1 Jr^u a — U ,^U l ^yj J JL r ^ll jl jx*\ »}y J-U ( ' ) 

* 

<iVh.i :1 V; U y m O * J^jJI ^yip ^ ^yjjX : j Jl ji ^lp i. ; l«.« l lj 



: jj J^JI gk- jjtjnil jtyl 1 ( T ) 

CH -•= CH, H 

I + I 

ji> ^ J^-J* *1* jJL^i j jA ^Ji Ju^Kij v-JUJi < r > 

*i IaJL^-j 4 j ^J iJI OU — J-lj . ^ifl.-Jl ^JLc- : 1 a <>•■■> jJLi^i Z-JUj-r Jl— All 

Ltyt.A* JLIaII y £» yJLJ^U pJl£iw» jlji»l tlfjJl?* ^JLfr J^|jUU4^AJ 
jJkTi q ; ntfj JLd « ll O' ^ jJUI'j . ^Ja— Jl jaC y^jjJL .a OtjJb 

^» ( j-j^l ) OUj jjjJI y Ja-I ^ 11 JyJU jJLi’ (7) tf-tf Ijl ^ l "« -I 

: j&\ ^yJ \ 



-Uuil Ni 



,CH - CH 

/ c 



4JLA 



yC*l v-T yJI 

lj . JyJJ 



(s) 

CH, 

A, 



Ni (s) 

-CH, 

&• 

Ni/ 



(S) 11u (s) 

>Lr 70 J\ jl>i/tfl 3 ;ly* £03 y IJUaJI • JL* j 



Ni/ 



CH- 



(s) 



Ni (s) 



y J^-JI ^Ja — j Jo-J y £• y ^JJ j* y* J-ixil 3 j-Uj Oi ( t ) 

w>jJa* ^»Lc- <*Joj j-j i 5 jl _y vJjLmAL 3 j yn.. a * a . Ji»i c yuu Jajljj 4 UA 

. b j£A\ JojIjjJI ^ iiUlj yy 




- * V 



jjJk.i. jL*-» 'jj jk-^j ljLj> *-V*jk>" JjT j^O 

i— <4$ -uV <uLi B j A Ji* JLJLc-LLj* jUat* OJbr j tils . Jj&LuS* LJCjlC-* 

^! ^)j • C^ 5 — ^ B £• s£ A £jJL« 

^Je^Jt Jl£-LsJ ilsjX?- ^J j_p Cu^O ^jJU- \ T.^it (CO) j^yCJt jl T ji ^aU*T 

: <Ui I aII jij oUjjj^Jt ^JJl 

^ 0, + CO (atls> + O- ^ CO j- 

: Lg-Jt CO 4iL&j Ju£ 1^-^xJ ii j^alt oUjj ^£ jt ^UJ j 

CO" +C0 - — ^2C0 2 +2e 

j-'r^' C-U Lfi-Jl ol — jjJ UiJ ^ I J*Z JiULjJi £j\- s S W-Jtijj 

• <LJL)1 y, cJii y . i— iln^dt 

*j>li • j J j *i-4 * j>aJ' dXCt; ji Jjtj 

Sill' J-J ja iJU-j ^U- J^ ; .mt *if J-tLcjJt ji j 1 i-j^l j* Jjtlij y <£;** 

,JcJ£ jj'jli!' a JU b - ^k — 1 j? ^ylc- Oa-.:J< aJUs Jjj j . JxULJl £' jj jl JiULijdt 

’dcJjjA yLj *i/ jJlCjLJ' £ 1 jJ jij ii y^*j l * U y <lX T *jyd\ y^L*- Cj\sj yu 

V-J •_>* V ' jJL^.i'i jl -L^rj l_*_T . L*J jXj -kit \—jJi J-» t ^lc — 1 L> 

; J&iJi ^ £u» J-J ^ iiU) ^ibu ^ JJL* 0 1 000 .ut j-J^— Jt 

8 * 

k«> -« g L.-. — Cc-j L-J Js*-Ja a-* ui^-ls l— -J i- frj— » ^..i.ijUjJj 

^u. J^^UI j — ftjj . 

^JU- 4.1.1 f. 1 1 JpULJt ^ir ■ ~~i 1 ^^LJI » t* -» y ^.igC-Vl t.jjf-1 ILgkO 

Lj y vilxijJt is-j^i w-— »Uij lJu j L-J oL-^jj^-i ^j^UI .j 

. -Jia -. tl ^JU. 

t C^UiDt ( v ) 

.^ . — S' ^ VI JsJLJg a-* y— »L j^ j-ji'iLJl ,'^JU’ jJU j^Jl Xm~S ji *lL£& jl Ju>rj 

« 

ji jJLt <jv r uJl a jjb Ji ~— j j . »ll^jLJl ^U1 j-^v— Tjtyl k i L jg L—jCf-j 

— ll jlj La> JJL y±H\ JL-— S' jl y-zJjjsr J-tLo ^JU> i-^-aju J-c-UjJI <La 

. 4JLa < ^ f r » u^j r j \ j\jZA % i JJu jt ji/iu ^JL-sJI 




<*r- 



VJbJJl J tjiSjji lj <>J!M iJU-i JU juUJLs.^ 1 di£i-J i_Jb L*i 

^ J jty M jJ' J^UsJl ^v-aj j . ifildp. J j^3 — ^i=J< j 

. I .. fr i. -n ill J? jjLJsJI ^ LjUJI i-JjJl ^ JpliJl g...«a> L*p-i t Jjj (JU 5 ^^JLp 
ii— 3i j-j ji <. iyJ iji j-j JpLljI d; jJL>- ^L Jp Liill kJj Jl ji>l ji JlS s a j j 
5 ji-Jl! ^li-UL .,11 *.. ,i.~.i LtJLxj . iujUJl illi-l 5 t 5 ^u! i-ij 

. .kyLiJI £* ijjjp ^Ljj QUJLb^l iJP jli iiiJaJI JUljJ JLP 



i Al^Lu^ll^wVl ^i£ ( a ^LJluLu>(^) 

^_l jl^I^JI £* jil ■y^.-JL ^-M ijjlA.ll d-jU-sjy^l axp tLj 

JU jjUL > jUdl P J jjiLr^il iJLP N d~->- 4 NP / (2 71 RTM)2 
• j-^*l Jj^l M t Lpikll 5j! j^\ Jjrji Tj jUdl C— R j ( ^jil y„t.,T:.Jl 

3 Ja-j ^ OUl-lkp^l jjp jp j-jdl jljiiil vJ Jp ^k-Jl (jJLc- Jpliill iPj-j 
JpUill ip^ ji a* j aj j . JpUJI ip^ ibU* ^ e _E/RT jljtfil j qJp-JI 
5jj««^I 5^ 10 4 h j-i'i LJUp J j£j jl^jJL_~^I dlXiJ i, — JL 

: ipj-Jl iJiLw ^ ^Vl jlxiil j oUaL.-p^l jjp 



ip^-Ji 



N 

hu^rtm) 



e -E/RT 



( 6 ) 



ij dJL&LJl JLP d*JLd ^ill oLilJlkp^l jt ^jJp ijju^pJl «Ju 

• j»L5j 10 4 -j tfi* Ji" j-laJ Ol yi l^jdAij j 



3JVaJJ f xJ iMJkiJI dJJLrf Jp dJL jpjt Jki..„.^ji dJ^NAj \s> j~* ji L*d" 

dJULJLj ^jOs-oJ ^IdJL^iJi J^r j\ y i-Jjyr JS JU I JU ^JLpj c ^ (6) 
^ JLIjlp ij^Li 0 t dJL!xi-7. ; J ^j^Jl £ jlJuLil Js> Jb jJ LiU? 4_i* ^ 

• ^ J* 3 J^ £? di^dJl 



Kinetics of Surface Reaction t ^rVinttl J^Ui3GUS>»> 



Unimolecular Reaction t Jj&Coj( *1 ) 



jJ-\ LsrjJ a jJj JLlp A 5pU.I JpLbi* i-PjjJ-l ^iL>-T Jplij 3 Lp j-* cii jp* 
j ^mnJI IJUJ yj lilj . A <Jpliill 5dUL ( ^k*sj t^jJl J^LOl ^lo— < j— 5" ^^Lp 




Js- j 4-Uj 4 P t JjUJI iJli-l A Jaxjg.j Jkj^r jIjlUI !JU Jli 0 

( 7 ) 



dP, 



di 



= k0 A = 



kb A P A 



1 + b A P A 



i-J jJl ijLfekJd Js> yjaJi ^ iJ jJI iliUlt oJLa jij Jflsdl <!) 

. ^ j~aJLM i . «., . J a.il J] 0 3uJ l^J J_^u Jo jjcJaJi jug (Zero-Order) 

5*Ut JaAjo ^j-uM jj-U j-j (Fractional Order) J^UaJI 5-j^ j j 

: Jl £liij i OljJ^i/i c-»0 j~*j b A OUT lij . iJU-ULdi 



b A = exp (- A G a A /RT) 

~exp(-A S a A /R) exp (- A H aA /RT) 



( 8 ) 

(9) 



t . A iif-tJLdt oUJ i yu i.jC.y>Lj3 Ji jJlilj 

: Jf-ldJi if- j** ^jVl iJjJl Jf-Ladl J jXj 



dT 



kb A P A 



( 10 ) 



: ^ US ( k j s kb A > k j J^UdU ^ jJI if^-Jl cjO 0 ^>j 

k , = A y exp (- E y /RT) = kb A =A Z exp (- A S a ^ /R) exp (- E z /RT) 

exp (- A H a A /RT) (11) 



(Frequency Factors) » yl\ *jUU A z j A y Jj- 
: 015 iJLflj 4 ^Jl ^sJi ^Js> JULU-lj *J ybUaJl Ja-JJdl iiUo £)\ ^ju E z j E y j 

E y = A I + AH liA •'" (12) 

(Apparent Activation Enetgy) E y J yiUaJi JxJJdt iill» at Jxo>*Aj L^i*j 

lS j\ i jlJLix (True Activation Enetgy) E z i~M>t h . .t. -.-It SiU» Jdii* 

Jij 0 A = 1 dj£j sL-*u JaUJI . A H a ^ jt j-^V» 

0 

juzju Ujup \jJS SJU-l jUu sj j. E z = A y j j5Ls jljs/fl i-Ut f jju* 

• 6 a 




At 



Jli x SaHlST jiU-l a ^^JLt jl^t**}|l 3 .ujl^ 3aL* jljt»*5fl £Li 0 Jij 

jj£jj . J*t Liill «.Ljl ala ( 0 X j iut j_ju j ) x £LJL ^laJu ^JLJI ^Js— Jl j— T 

Salil jl y-t'i Ij-^W *.j_^l I*1 a Jj^jj (1 — 0 X ) jjb X £LJL ^lawll ^Jo— Jl 

: 0 a— l£j i A 

kb P j- - • j 

dPA/dt=keA= Trofor (,3) 

b A P A JUjsI Ol£^lj ^. ; .iij P x > P A t»JLt ji & b x > b A 0 L»jllcj 

. (1 +b x P x ) jlJLiib ll»Li ( 1 3) 3JaUll fLi* ja 

Bimoleceiiar Reaction » 

Lo. g .a* i jl j^o ljl^i»l JLjLaj ( jJLt illi-l a JL a JxLiiJl 

irr^ Ji* j r ? ! i >H Jr! . jjU-l J^Ull ^k-» ^At JaxJI 

1 A oLijjj|o ^jJfljdl ^la.«Jl jt j-juj . ^Ja~-Jl i3 jju w ULaJI £L 



0, 



0A = 



dP, 



b A P A 



1 + b A P A + b B P B 



(14) 



: ,ji UT 0g j 0 A s_a j-> J-^U- £* JtUuJl it j-» »Ls3j 



dt 



- k0 A 0 B - 



kb A P B P A P B 



(15) 



(l + b A p A + b ? p B r 

J-tLtJl 4 £- j~j Oil ^jjUJI JL^-1 JaJLJg j-AiJ IsjO Pg jt P A jjA-j UJLPj 

• b B P B = b A P A U JmOJ 

Ol£-)L AiU B j A OLdtULdl oUalil CJLT la)j 

: Ja Jd^J^i-J(15)iJiUll^5 f Ui» JU*J 



dP 



dt 



- kb A b B P A P B = k' P A P B 



(16) 



^jjLill ^^Luj Jx Liill it j-a Ol t k — kb A P B vl» 

: LiT JxLLJl it j— < ,/a'i jljt«^fl ja..j> ■> Jail A 3a 11 1 0 j£j UJLit j . j-JLtLiill 

dP A _ kb A b B P A P B 



dt 



(i +b B p B y 



(17) 







* 

<LiLp' B ailll jSj jUJI J&a-J? Upp JpUJI ap j-*> «ww«Ljj btjLPj 

i,yB 5iUl j pj L»-UPj . A oil! Jawja.) LoLi jo ilojl JUP JplcJt *j m -,! 




^ A P A 

b B P B 



: AAsT^jly/fl 

( 18 ) 



^L-JUp-l # Jut JV ( 1 8) Abl_j»ll p j B Sill! o! ; .‘._>jJ- j. «.U jj aJI j 
Sjjtbj- 0 Jaii ^L^L-Jt o jil jlj jjU-l J-*UJl ^Ja— » A-_Jl p 

f # 

. l^ Jp tj' y bu ^sil A CjLjjyr Jl.^ar.^V 

« v -w. •«:••. I 

t ji bfcj i j*ufi i~a£>3j (->►) 

Ai jA< y* ji J CjUL^'l Jjii jaJI y 4jJLaJ! ^jJ-C AyL-o S iZJ*^hs-\Jl5 C« -■■'jP 

yj y 5jUJ-* J*1 pJ ^-L-gJI plj yj^A&SlI y-Z pi _^Jb 

ol jJLcJl y aJ. — Lv y ^j_aJ-I JjtiJI c — y JLij . O^LpIjLJI 

y a~JL*i dJUjJT C-»J^i_i— »lj . y*-* yL-oP" Jplij y 3jU>- J»*t yS <L» :-».U 
yy> jJj (ji-p y L-^-JT JpLpJ i-jlji Ot-£L*^l* Lki* . ICbf a— > ljP y UJU L - J I 

jl yip J Jj OL-^lj-Ul 0JUt ^4 4_^JUvA~JU . APl p ^ t .* AmT j>j «AAP 

y»l »0I Oljr--«JiJ ^v® jl E ,b,. ■i,: 1 :!! aJU p Ol^-Jw y yuJ JjuUI Olj-Ju 

. La® A ^ H ol^Ju jl t ap^-tJI aJpI*> y A jijlftil ^1 c ^->>^11 j!JjL*JU yL-JI 

aWju Jil j\ (k) JpUJJ ypl 4jyJI c-p aWjl MpLcJI ^Ipj 

ap v ll ^lo^i->l jup AiJJI ^jlp jljLi* ibjjj . c-jU 'iaiup jllp JpUJI 

0 

jJu JLP JxUJl AJ y IJU^-I J^a^xj ^JUl >w.. r *^ ^jP jjJl AP ^.-Jl C«Ab 

y Aisj! jSa aJ 1^1 P j^ju JpL&iJ A.i.^’Jb A ; E Jaj j3 aJV-aJI 0! 

: ^ & Sjli^-I 

log A = mE + c (19) 



U_j SjlpUj j\ (Compensation Effect) Jeuyci\ j-jUj a 3*>L«J! ala yjj j 
log A j—j Aj^p E a-^jJ ^ Silj^l d)V aJ* 5/5 jiTi JjVl (*— . (Theta Rule) 
iu-i Cj p jup log A uJ oiU jJl U-~> t JpUpU JJi ap^-* Jju 
log A j E ^ J *a*u ^JUI OUaiJl ji o^UjJl Ui . ap^-. yj 







^ ■ ,/i i Aili Ja ^ IJjb JJL* L*JLlPj . ( j!ojjjuJI l^.fr^P 

j-Ju Ojj^- Jji SjLflJ-l J»*l jj»J! ja aJLJL-> log A j E ,^3 i_-» ol j-?*j 

jJb ^IjuuI jup aJUjUI ^ 2— » olj»Ju JjuUI ^ 

AJiUil ^ C jlJLfti! J l»JL>* j log A J4-J ji E J~k£ UJLlP (^1 4 ^ >*J1 

ij-r j j-» Ajli ( 1 9) iliUIb <up j-Jtll (jiaj jjcJI j-Jib Jup j . c-jli (12) 

JXjJI ^iUi* JpLiJl i Ails' Ujlp ^jl J ^1 T s Ji* h j . * . - .* 5jl y*- 2-^ji 

(26) jXiJl ^ L^p jrtJ* iS jr\ 0*tfb- vi^Aj jLiP*)M •k-SM ^ JjV j . (25) 
j— ^ j jpAL (2) J jJJ-l j . ^^a-sJI j-Jb ^^Ip w U -.=. -iJ ^ ^sJi 




<j*iiauvt (Tfl) < JSLUl 
Ts ( I .'T) i±)i 3l»-j jJt uijLL* (log k)lcj-*Jt klul^ 

• 1a J 1c ^jLu! i^;l Ail 



i It 





-HV- 




Joa-Mj £ 14*- uij}juj£\3 *>».$ f JLc. JI4J ( TA ) JSL£Jf 
. E log A 



(*) 

j£\ JoUA j J^bLJI Ja-JLJ iSU> H O-r- log A jE^ ii* 5 bJt 



• Ts ( T } 


^Cobtijiaai 
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1 JaLotZ£lclli3 - Vji 

objjo&l ^ (Saturated Hydrocarbons) in-iil oU JL$Jt 

£jJc-» ^ oUjj ^ 0 31 ^-»l Oli t JJj 4 (a) j-» dajljj ^ 

^iS'i 1 > * Ob jj . HlCidb b _puO> (1)1 Jb^l iJLcJl .5 1 jll 

b*l jl— £jb bjjn ,A • ^jJa— Jt ^JLp ^jJbu LgJ^j OjJjLif Oji 

0 

. bu. ^uu-i ktijJ- j ij 1 &yA <yj* &y.j*^ 

jl^_*b 5jU-i— *i/b Ob jl c)LlJI£-_>i CJ jt- 

: JIU1 











MA- 
CH, + 2* >. CH, + H (a) 

* J * 

CH, + H ^ CH, + CH, (b) : dUJ Sj 

«JLa Jjl» jJ jjJj . jJa-Jl (JLc. ojjjf j-jf jjjLJi olj3cJLJt=j (b) i— 

JLft OLlJI ^ (a) USLilSLil ji j 3 »>iV*t *>• 3>iUl oljOJl 

oj^Jl ojs-*l\ Olji ^sJ JLij . $jj„Ul jSliJjt ja JU* ci i ^3a— • 

• Ajj'-iJ' iiVJ- 1 <J*Ay is* J** JJ*M^ 3* j 1 ** tr* (b) 

J! J< J^-* 1 *Mj jl JJ-U# J» : ~i -^J 

jp -» JxjIj *3a ^j jiL-s^ Oli ^b-^jj^ g ' $N 

. U*_- c—J JIJ — II IJU Of ^iljJlj . 3lji.^ JUU* ^ JJ 

* 

jt jjul JUP bl-buu- >1 jJLS" 1 0 £*4 ilfluljJU 

dX ^ ijj Uj^u. a 11 3^J— Olj U-S* ‘ »jJj^ Cj* CJ^®-- Jt OL»jj-JI 

Objj-Jlj olsj^fl 3lj-JV^I 4iJL«^l Joju> ,jIj u_.jj i U&^l j£jC J-JjVi ilaul J\ 

. ly+U*S\J~\ vtS'^J 




OUjU 

(U)dliiju 

(2) Obj^JU LSd\*?i\ j\j£jT1\ 



U^JJ^ 1 



c 2 h 6 

c 2 h 6 

c 3 h 8 



oLij^Jl JL£ Oj£iil O^j jJT jjJLj (jJj OLf I3J U. v l dJLJLil ^^sju i3U-»j 

jj*u* oi jjlj jjji ti» oiX^> oij i 0 uy\ ja j-*Sm j jt 
^ ^ 2^1 C^k-Jl i (IV^Ajy.Js^y 

J-Li^j J j-rii' OLiJl L$J Vjiib ojil <j£- JJfc 5 jl ji-l Ol? ji 

oljJUJl jdju ^jJLp dl ^ AsJU <— * j^uoil jl^a-**i|l O^i t ^jJLpj OLij^/l oL3 

: ji US' j*H\ OLt-il 0 j*—-* J — ^;: 11S' 



CH^ - CH. 

* - * z 
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oLf j 4 jjJLoJI <3 j-SjJl LL-JA JU- jlJLj^flj jliAl aJAAjj jlyA LAy c-x 

<3 jij Jx 3 lyA}/l t)LTj . jllAl ^ja jlyAifl Jx ^IjuulAj SjJJ yAt l«y jll^l 
£U3,I July j)j t %A5 Pd j Rh iW t Mo t Cr t Ta t Ti 0 I 3 JUJI 

j\^aa q&j t jlyAiM j-At 5jJJ i$jbt Jwn^uAIj . Ljat^i }LAj jlS* Sjlj^l i^y 
Jp 4 in jt. 1I tJu» JjLjj 1 {nIb-II jr A^k^.l ^jVJl jlJLill Jit jlT jlj-i/tfl 

5ibj ^ t k-JLAI SJUoJ .blyJI J * J C jlye/tfl «;»>*■ &J - JI ,yiLJI 
c yi-Al A-y ^ jLiil y*j Jv.«m. , ji.llj . 3yAI SdUl* ^W.AI L!b*< 

ouryy^y^ yAi^t- yu jUHdSUjj&j 

UrjjtLt |n .. aj Aj^i JA-Jlj J^ jJ-l (jji j Jx- sIJL&asKj o ywxll jlyAill L»t . ijji* 

jl>~' . JlyJI Jx lift* 140 J 170 J* *y yJI y>l oLry J JAJ 

t*l ( AJAjLJI y * j Ajj^* ^ 4 1 $ jjdl yLxJI L»ry J jA-Jlj Jx jb^M 

J* y yll 5 jl j3-l olr y y U> j — *%* j^r A u j L^t jl yA OVi .ujJ-I gJa** Jx 
LJLJl jlyAill aAUuI jl . ^«ij> (1 ) ^£4 iAAjuJ! jIjUL* j^i «il)3 £*j i 77 
JAJ yJI j-** jjX-fil £* J yj£ll *Mj iiU* JliAy- 5 jj-al» c$ j*3 jli*jU 

JiJLJUJI JJUuJlj. jl±Al y Ux J^-iyi J^AJ Ol j*~> jL^ (5) j »w 

CrijUJl jly^l j-A-yJI JLJLli £4 l4j*X Ljly OLjJjlS* jjJL^tl jljjA J ^ —^ > ‘ . * 11 
iiUJ y j»^~ j Aili yp jl j»4^ft ul . ^ y^ll 

ui . j*H\ J jt jUJu jaju ji\ dJuu ijjW g \ y i yx jiy^i M-^ ^ W* y 
Ol Jj*i L^iA jXoJI ^k*» iS l* j ^fjLS'jjJU-^Jl dJL^ij Xs> jmJ OjjAll SjJaj^l 
4 JU 9 ji JUrj Jiij . Jji ^Ja— Jl yx j j^AI jjjjLS'jjJ—^JI jA» aJL^AJ yU 

19.5 , 1 6 ^JLJ J^-lsi j cf — Jjij^A^ulb v>«i» jl^lkAL* 
(Frequency Factor) a ^Jl J 4 U l«J cJlS' ^ y JI jJl Jx J >AJ y»-» 
iilt e-IIS' j . i-jliJI y ^<jil jjualAI Jx AA^j? 5 x 10 21 J jjjJLiJJ 
(3 yuw4 JLfr j J j^JJ j *—* I J—S” 20 Jk^JL^i (3 jami yp jljj^ll jljA4l i kj A : j 
y K 2 O LA 5ibj Oilj . JjAJ ja-^> jJLS* 25 £j«l^ y K 2 O y JI jujl^I 
j jjJ-^JI ja j^r jjJ—^JI 4 JI 3 J JxtaJ »bf Jtf- ji-iJI 5jA Sil^j Jj a»jA-I J y * — * 
. yA I j ^jlTjjJ-^Jl jJa-JI Jx LiUl j-^jjA-^Jl Olji iJLP JjUw Sibjj 

^4 L jJLaJI JjJjJI JLp oj-: Al olj^j jjJk g ^11 J^Lj o^LxliJ c-^y JLiJ j 
^jjAJ LJUI LA ^ ixAI 1 LjlAI JJU-I j* A LAI y^yf-l 

: CH 3 D JiUJJ^I^UI 




~ ^ * * - 



CH 4 + 2* 
D 2 +2* 



CH, + H 
* * 



CH 3 D + HD + 4 * 



iif-Lia-i JiLj O l JU^ Lfi^i JiLJI J-£-UJ <,$ ^-tyl jJl Ul 

Otji ^-Ja-3 {S sJ\ ( Methylene Radical ) jJL i^l J-i ^ 5 ^ ^ SJ 

: ^ { jj JM-Jl Lf U 5 3 jOJ l^J j-jtjj J-a 

H 2 

CH 4 +4* >• C H 2 + 2q >- f # H 2 +; +2* 

f,H 2+ 2* ► .g.H+y 



C H, + 2 H — 
* 



C H + D - 
*** * 

C H 7 + 2D 

C HD+2D 

** * 



C HD + 2* etc. 
** 



CH 2 D 2 + 4* 
# CHD, _ 



3 +4* etc. 



CD 4 i-o-f Oibj Oli-il JaJLJg ^J| fj* j— jjjJLJI Jajwo OiLjj 

olji jJ eibj CH 2 D 2 j CHD 3 L-^L-J ^LJI 

4-JL-a oi ^L& JiL-jJI Jx^LAj oL-T js* (JjJj . ^la ..,)l ^s> Sjjj! 

ol jJUJb ll-Li ii jj JjiU J Ja,.,.!;* Jilkj JL^uuJl jji ^ ^ ^ JiLJI 

. oLi-.il l jt- °40 ^Ij^u JjoJ 5j! j-?- i?-jJL| OlL£U JaLoJl Jx-Lii *L>X*uj . ^ j>Sll 
<i>Li^/l JiLj J^UoJ i-— oJb yJl Jj»Uj ia—ioJl 5iU? j*-J ^LJl Jj«lM >j 

. b jJjUi Jy jJ' j-* ^ j^?u. ^ j-j jj jji 
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i-iUJI ^3 Jl ^ oLJjJ-i ^ Jju us- j-juj a jfJl A _y 

^JLfr i JpJl?%u JiUJl J^IjLJ .la. .t.ijJI OlJlb jl IJLa OL* jJU* 

^ ^ oljliJI oJLa JLtf- jl ji/jl UJLJ olilb t>ty Ta j Mo t W oljJLi J jJj 
J jJLf-l j~ij • (»— t£ j * '-rr^ J^. jbii aJLa 4j^jJI OljJLiJIj i 

. Ol jJLaJl ry» i ft oU^/l JaLi w UUJ Ajililtl £1 jjJl ^JLJI 





c 4 d 6 


c 2 hd 5 


c 2 h 2 d 4 


c 2 h 3 d 3 


c 2 h 4 d 2 


c 2 h 5 d 


JHiJl 


0.6 


0.9 


2.0 


5.2 


12.2 


79.1 


W 


0.0 


0.0 


0.7 


3.0 


14.1 


82.2 


Mo 


0.0 


0.0 


0.6 


13.1 


15.0 


81.3 


Ta 


14.1 


7.0 


4.3 


5.1 


17.1 


52.4 


Zr 


15.0 


7.2 


6.0 


6.6 


18.0 


47.2 


Cr 


16.2 


7.5 


5.1 


5.7 


19.2 


46.3 


V 


30.3 


10.1 


5.1 


4.0 


10.1 


40.4 


Ni 


25.5 


15.3 


10.2 


12.2 


17.3 


19.4 


Pt 


51.5 


18.8 


10.9 


7.9 


5.9 


5.0 


Pd 

• 


63.8 


17.1 


7.1 


4.3 


2.9 


4.8 


Rh 


63.2 


21.0 


10.5 


5.3 


- 


- 


Co 



^Js- oU-Jkl j-» SftULTj SjJLij ^jj j— 5 jjJLII £j» Objj-Jl JjUii 

^ jljj j_J! JiLj J^LiJ k.j-.UJ IJf'l? j! Jij . i.il: £1 ^ jJa—Jl 
i-c.^ cjISjUT* Jj^Uyt-, >^(19) jXJtjJU-l J^Uil JLa 

: i^UJl ^3 US’ J*Udl 

Rate = k [ C 3 H g ]° 62 [ D 2 ] 0 76 

* 

. JiUJl J-frliJ it liUoiJ JaJLJg oibj ot 

^JLt j* yijr? jj»0' £• JjU ^Jf-Laj OUT 5 1 w: ., U ^JUJl ^JLJI J j-Lf-1 

: oljJLi i*jjt j jij 
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Jog (rate) 
at 20°C 


log -A 


(J3 *U^jlw/^L(S) 


CC) 


jikt 


14.1 


21.7 


9.0 


- 82 - (- 24) 


w 


13.5 


25.0 


13.3 


- 25 - (- 16) 


Rh 


12.7 


21.7 


1.4 


• 

■ 

o 


Ni 


5.6 


26.0 


23.7 


146- 185 


Pd 



*»co“ OLjjjjf-l 3A£ 2J*J/Jj j A ja Ji' JL5 j 

OLiy^JI ^ U 4_g-j\_Jb JaL-JI J^lij o]j . oJL^t jJl ^JLJi 

^JU! J j jJ-\ j~j j . j_^JLl J-j j j-JI jjJ ^ikka j~Jb- i>rj ja Jjli 
. Pd t Rh c^jJLi JLp OU J-r JI £. JiUI JtlkJ iik£l £1 jJl 







d 8 




Q 


d 5 


d 4 


ES 


d 2 


a 






27.6 


23.1 


13.3 


5.0 


7.5 


10.0 


7.5 


6.0 


Rh 


- 24°C 


805 


12.5 


3.5 


1.0 








1.0 


Pd 


146 


81 


12 


4 


1.0 


<0.7 


1.5 


1.0 


- 


Pd 


185 



£4 JJLi k .t ; j 431k. JJlAI ^-j 5LJI k jjjJl £4 u)U J^L sjj 

. kjju 95 ^26 ja 2^j* gtijjl 

k-A J* ijjkJI ^jk-Jl Ijl^l ^Uj (Cyclopentane) OLuj ji£*\ — Jl j 

jj jJl JiUJI oa-»j j i (Cyclopentyl Radical) J~jaj jJ^ok-Jl j-i 

^1p Atf-L-J .~ll> jjJjt jLfijt a! aJa.i jl j i i^Lij^l ^ Li i^jlJLa k^-jbLjr JU-U^ 

jA->- ^3 . £ M Olji ^4 ikL-a . 4iJLi-l iS 

— : ol jkM jjjj j*jjj jJl olj j-. 
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■ kj -" !* * *3^? J*~-! y^LJI j*L?r j^jjJ-^Jl olji \Ju JiU ^U^vj 

i- — — Jl» JiL-jJl J^Ldj ij . J j— «JJ ol j-*— •• jJL-S* 8 j. ,. -jxj 

JX’ULJI i-jj Ji *L>- j jJj . oI^jj jJL^jLJI J^L-iJ <uUL* ^jJL^L c)l— ^iioL-JJ 
c J\yj\ Js. (0.9) J(1.0) Ojio Pd J Mo iSjli JU OL^^L-JU 3--Jb 

j g i»i JLij . ^jJLa (- 1 .0) j (- 0.6) i-J jJI & ^ jj j— J jjjUU 3 ■ ,. ;1L» L»l 

JiLJt J-C-Lij ^3j 0 I — 1 1 j 3 mJ\a3 JlJjII j 

Hydrogenation of Olefins t GLU'rlji'jVia^JLA. ljj£ 
3j jJLiit j jj jjl Jit S j jif oLm*Ij^ mK^a 

jUil j£~JI J, J* Ijlj j-.l ^U. . 3jii=£l JUUJI jl jll j 

^w>lj IJLaj t jjJ 10 ^ ^3 I ISjU AjjIaJI 3JL^-I «_3LJall 

jJLiJ aJ-I IJLjJ 3 >Lil jl^l 0) . A jJ-l 2LUJ (27) JiLiJt 

Jj c-> yu JUII 3JUI otiL^I j . *L.l£Jl JLj^M UJaJl j* %25 

^J1 iJLr- jllj . JUj^I jLt 3 j j »i .,/>-• CJLT 3-.L»-w.M j»£J j ^LJI c.V i *,^11 

B ^JJ A i$Jdt ^ i}j*A9*A ( jJL5*j(l jt Ig-^J 1 

pXi jl S" C 3jUJ J B JL^-I jjl* V^JLp . (27) 

. JUljJ 3jj jJr jljJtiU Cjjs-fl-* 01^ 3 j^*- O t 3 *^— j 

. C jJ-l jjU «*!* iJUr UJi- Ji^Jl v$j jl^l 
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J & j ilCc-JU a-« Ol jlaJI jJa-j jSg ?i\ jl yi*\ Ot Jp 

: iXjlOl 

C 2 H 4 + 4* ^ C,H 2 + 2H (a) 

ijyy-l OIS” JxLfLJl 1 JLbj c 4 -Jj 0 jXill C 2 H 2 £-k—Jl JlLaa j , ihjj 

jjl£ (rt ^ J^UsJlj . A jJ- 1 ^jJLi JuUJ jl jjwVI j* JjS/l J^l jll 

£« hjluJl UU-i t»i J A -L-J-l 

- : ^ UT ^k-JI 

C 2 H 2 + 2H C 2 H 6 + 2* (b) 

: Ahull jjij jlij^ll ji*ll j^jjJu^Jl ^Ja— Jl jUUj* Jf-lis jl 

-C 2 H 2 + 4H >- C 2 H 6 + 6* (c) 

** * 

Ji j . j-lJVl j* iS j>1 £j\~-+S jl jji^l J^ .. * .: — 3 jl j-^»l £*l j-» I hj 

J jJj ^jJU- JbJL-i frJa— » (c) JxUjJlj 0 J~S Is-j—a (J yyj (b) Jx-LjLJI Oi JL 
. f U JJLJI JIjLj-s-I jl* dj^tJU OLT (c) ^ J*t-i_JI j . jX-Jl 

- : jjJU- B 3h2;1l £jJL» Jl* C^JU* ^yJI aJUaJIj 



2 c 2 H 4 



c 2 h 2 






c 2 h 6 

O^) 



(d) 



. (Self Hydrogenation Reaction) JljIjlJI i*jJL$J! J*Ui< (d) 5 ^JaJ-1 j 

. (-78) i*ji J JSLJI jj ^ c^aSVl jlj^»l Jj* o ^ki-i eJLft o>JL^ *jlj 

IjjI j^-\ h-j jJI oIa ^jji^Ul l j\S’ Oj-JL^ (I) o jkjJ-l «JUb Jjl* otj UX 

jl_v^jl t kil^-13 kl»3jl ^lc> j^-ill ^J-J'ifl j*Jcjo ^^iLj 

. (28) JXjJI^ y>tk jli ^ j-s^lj (7t) 



jl j*-*l j* OrLjl ( OlJLljdl ) 4 , i I. 7 ./jl LiLL-JL) ^lawll .*.11 
^ »-iLJall ; ^11 Jx-LcjJ jl 3L.JJUJ1 jk— Jl ^^JLc- dlXijj 



JUU11 + k 2 < — c 2 h 4 

** 




UiUll jij 



^ c 2 H 6 




* 0- 

t j-A-aH ^ ^O^LJI J j3j ^JLft J^LLiJI lJUb Ja^jJ JLij 

A. : .; : ,L.:..,j*jl bliJI . Zj^L-XZ^I 5jl j^*l ^3 J^_«Jl ^JLt .Lit f.Ja-> jJj 

« 

— : l^T 5 j-JL* oli jj jlS” j j JLjt j&j y > JLsJD 

H-C-C-H H-C-C-C-CH 

^ A A ^ A A A A . it 

Z * * * * ^ * * * * * * * * + H2 

- : SJalull jl 

HC CH- H H 

2 , A * A =► H-C-C-C-CH 

A i i k 

, 1 • I 1 

** * ** 

t^Z^L* pSj 4-JLaJl it jit ^jia-j jJLj^I jt^at oL 5 ji jjdt OL* jJLnit JjLjj 



HC — CH HC— CH 

A A A A 

** ** or ** 




JSZdl JL)*U-JI ^ic (jOZiV* j» jZ-1(U) J£ZJ* 

. ^Vl ^ gWM I JLlc J SLi ( a) 

. juij i^kj JSLZJl uiljZil t j -uLy. JSLm (b) 




-1 <n- 

R a HC = CHR b ^jVU . JljJI 'jJ* Js. 4 y-V I oU-i-J jSlI jl J*\ fZij 

: JUI jSLUb C >_JI Jj. )\y*\ ^iU, 

R a HC = CHR b + 2* ^ ^ R a HC = CHR„ 

J^-LcJ ^ A-oJb L— A l »£>L» SL^-UI ^h-Jl OtJULn-l 
1AU. t »jj j-J jjJJI ja aMm ^-J ^ yJ- £l y jij£z 3 £• 

^ 'j* ^ ^ J! D 2 

D 2 + 2* >- 2D ‘ : £k-Jt 

: OLJLgjJl y* yS- y ^ ^ y jy jjjJl 

j^-ii j- 5, oij^J -r^' J! *•*-*"' j fy.s^y.* h> *-*^1 ( 1 ) 

. a^IJUI SJ\^- JUl 

Js. J*.s.l 3 OL^iljb j-iUl js-MjVt J! fyjj~jy> JSji UL>) ( V) 

iiUf’yi aJU ^ JJj . JujUJl iJU-l ^jJj jiktf Li OU-^— < ^1 f jjj-J jji Ol y 
. Direct Addittion Mechanism o j-itil iiL*y\ lXjiCj: 

: («->) j ( J > yjjj£i±\ iiLjp^M ^e-y yt 3JUI cfi * Uil j-*j j 

R_ HC = CHR h + D R a CH = CHDR h + 2* (1) 

R_ DHC - CHR h + 2* (2) 

: dlJ JSj 

R„ HC = CHR h + 2 D — s*- R a DHC * CHDR K + 4* (3) 

: JLJl j£jJb Uui ol3%J( filA j 

R..HC = CHR h + : =► R HC = CHDR h + D (4) 

=► R a DHC - CHR h + D (5) 

t ^ yjy jjJJI jJLi'ifl JiLj C/^LiJ jL^Jb Ol jia£-\ (JLa y* Jufij 

: l^i OjJS i as jsii 




-) * V- 



(2) t ( 1 ) Ol jJai-l Oj JL^al ^jJLfr j t JjVl JU-o-Vl ( \ ) 

: (4) 



CH ? - CH 7 D + 2* 
^ “ •* 



ch 9 - ch 9 d + d 

+ ^ ^ 5(t 



H + H^C CHD 



D + H 9 C - CH 9 



* * 

■"i 

m" 

* * 



HD 

H 9 C-CHD + : 
D 9 

H 9 C - CH 9 + ; 2 

*- a. a, ^ i 



(6) 

(7) 

( 8 ) 
(9) 



Ji i A - *'■ 3 jJL-<kll jjli- 1 J jJ- l> jx t JL - 4- IL. 'v Vt (T) 

: ii^Ull J3j Jx- jJ! (Deuterat.’d hthane) tSj-3 

>- H 9 C - CH 9 + H 9 DC 7 CH 9 D (10) 

>- H 2 C-CHD + H 2 C t CH 2 D (11) 



2 CH 2 - CH 2 D 



. ^ yi j-jjjJL)1 £• JiLj 3 Jb- j-jup IJLaj 

ji 3ji J-JMI ( j«j J^Laj jj^u jls s Jl- 4 -<->«Vl (T) 

. tjz£ j~jy±z 

CH 2 - CH 2 D + D >- H 2 DC 7 CH 2 D + 2* (12) 



* 

ch 9 - CH 9 D + P 2 
* z L 



H 9 DC - CH 9 + D 

*• I *• * 



(13) 



CH 9 - CH 9 D + H 9 C - CH 9 H 9 C - CHD + CH 9 - CH. 



h 2 c - ch 2 + ch 2 - ch 2 d 



5jl j^~\ ^ 5j jJUJl £jJa— Jl ^JLp b jJ ljlj»i-«l ^jjLiu OLjjjJjJL^jL-JIj 

: ^Ja — II ^Jx o^uJll UJjJl LL^nJ O^/U^-l Aj^j ilL* j . JjaLa^Vl 



CH- 



c 3 H 6 + 2* 



C 2 H 6 + 2* 

c 3 h 6 + * 



/X 



CH 

* 



CHt + H 



CH- 



/X 



CH 9 — CH 9 
* L * L 

?3H 6 



(x) 

(y) 

( 2 ) 




- \ * A- 



£. — * (z) i>— Jl jij 5 j~-S X. ^ lS Jlp JjU 5 ji j^dl oU jLcllj 

sJla j . Lgjl£ (y) 5 jJaj M L»i 4 2 j~*~p a- -* (x) ijkM 

: j-j jjjJlj ^jlmj ^JiJI JiLiJl J&1& £« ^ljUuJI 



C 3 H 6 + 2* 



D 2 +2* 
CH, 



CH 
* 



/X 



CH. 



/X 



■CH, + D 
L * 



► CH— CH,+ * 

2D H + D 

* * * 



c 3 h 5 d 



HD 



i Vuiu<,,yi oi^tj j^i^vr^jjLA - tiJLj 
isrjJjfc j jljjul ja Ji! ^UjlaL a. : ,l.T.j*ii OUT J 11 irjJUb j 

oL-f ^ orjJUb j 2 jJ j-slt OU JLUI ili jl JLiijdl j . Ol -.. iJjVl 



oi Jbr jj . ijrjJLfJlj aU-.,ll< o^UUJl jULO jt- £li y-.L-./sM 

A—j'i X^-jXx i-X^s- ^ji ^ j^3 iS^ji JiyJl jiU-l JaUJI l ^x- 

j>\ yJ\ ^JL^I jt w'L-*ljjJl Jjbj , >“J-! J^M gk- 

ji j JjSll (*0 2 Jcj 1 jJl ^UiJl j» 3 ' ^ 2jU^l 

: ^5 L^T j-L5*ilt A—_i J» <y J 4 ^' £* 

H H 

/ 

= C 




cJLx^j U_T . o*iU-l jo*. ^ jtk-Jl JU JJVI j—c j UJ' 
bUL-Jl j£jj JUJUJl jl £ jk-Jl ^^SLAJ ^jJLc. ii^mJ Cj s i\-9' 

jl j— »l j* j-£\ *j\ 2 ,, v . t 4 ji jl j-iAl 2jl ^ 0 j^5 oi ^i^ii'j 

jljs**}M 2jl j?~ ^ J jjiJl IJLa j . J j«JJ j*-*> jJLS" «Llm> ^Ji j^u J^Lil j—aJjV^ 

aJLtxJU ^JLA t>lj ^ JiLjJlj JtLij jj vj^Ls^t tjji 

A^* iUj' i j-JLH Jc-lij <L>tX>- ^s- jxL^j ^ jJc — ^s- 2j^oAt 







. (Absorbed Vinyl Radical) t LJU_t ^ ijja vuAl jj> u-*bj . 

j«iJl i-i— 5jiL 5 -s-P*Jh ; jsJ I : ^ . 7 A .. a; 

: ^ US' (Free Radiccl state) 
@ 

HC = CH + H ^-HC-CH, or HC-CH, 

* * * * *• * ^ 

U-aII jJJI 

JLmj jUSO^I ZUljJl ^S- ^JL-aII ij* 4: .«-* 

ji ) 5ji ik»tj 0>£s-» 4 Sji JJ 

ULuJI OjUUl ijtil ^ upUJ y-t tfb ik*l; ^ jAi 

ol.L>- jJi ijs-Ul oU jjt l*-i i ) ^lj (Vinyl polymerization) 

: SjJULl^U^aJ/^ 

@ @ 

H.C-CH + HC = CH ^ H,C-CH-CH-CH 

^ * * * * ^ * * * * 

j^\ jJjl Aa~a jzi kjrJLi-*! 

@ 

n ? C-CH + HC = CH, H, C - CH - CH = CHv: ii U 

z z ^ ^ ^ v 

>* H? C - CH - CH - CHo 

^ * * * *• 

1 ^LuUjj’Vl C)US/ll ^LvjJLA - bulj 

c>us* jit djuu uu5 sjLti out ^*ju ouij^ ji 

Uj->» Oj^j ^ jb- II ^jJLp SITUS' jAI jl < 1)1 ULp . UjLL-JVI 

JbJcj-o cJa> jJj . (Resonance Energies) lg-Uj oliUaJ oLS* ^A 1 oJU JIjULL 

: J US' Ci k.JI i *U 

C 6 H 6 + 2* ^ \3 (a) 

♦ * 

C 6 H 6 + 6* ^„/~\, (b) 

* * 

t 

U j~^\ ■- * JbJL^-lj Ol jji i3 ^JLc JLS'j 

d JL& ^yU ^ jjjmJijj jJl JiUJI Jc^- jJj US' . ti^U-JLj 

4.—S jj oL j ju^p (b) 4* ..— g H ^yi US' . ijyJUJI 




-u * - 

0 

Jo ji yj "i j . iijjt* jUjt (jJLc-j 3 jjL?>cl* ^ol y 4— ^ j-^H b>-Li- ^j^-> 

. jjjjJUl Ob y . ...I I ^ ja ■ * ^JLc ^|J (b) a*m.,aM Jjjj 4*bs 

yj* f>f J tH J^bJ' ^uJLi Jjj j 

: Uk5* biiOv* 



c-ctSt 4-) flail AjuuoII 




M* ll 


cd 6 




c 6 h 3 d 3 


C6 H 4E>2 


c 6 h 5 d 


*3* 


j 1 m 3 \ 


6.1 


3.5 


3.8 


7.1 


17.7 


Pil 


29.5 


Fd 


2.3 


2.0 


2.3 


2.8 


13.0 




43.3 


Pt 


i 

3.7 


2.5 


2.1 


3.5 


17.0 


71.2 


373 


Ag 



olji j*> j-rr-r^ i-bP ^JLfr bU.:,,.UI JjL*jJI £i jJ bt tJLfc ^ .t^^b . 

5 jjull jij-JI j-j JaLJ' >bLJ bJLJl • iU 3 f y^y^ 

: ^ jj-UI Jb^l JiLJ OaOj ^Jl dJLU 5 i-£-jl£-llj i ^jjj-J^jJJ'j 




: 4_JbJI <u jJLLil ^ jb -11 ^JLp o^IjjujiJI 3>-jJUb 




















-1 u- 



t 4 filial I j JLA - 

. CAS j~S sJI Sj^jJU k J^UJ ^ C>lis>- <i3La 
Crr*-~£ J 5 ^ cr^* **1* ^ JJ ( l ) 

• if .j^ J yt£j\ Ji j£j J] i£S Jj 

• frVilj jb\A\ Ciy.jZ J— -S' jj J-fJI 2 ^-jAa (»->) 

JLc- ^ j—J -Ulj j-i*.ll 0 jmXJI i j-j J^UjJI J^-Laj i-JLJi O^IaJlI ^-_Jj 

D 2 + 2* 2 D : ^jJUJt £^k_JI 

(CH 3 ) 2 CO + 2* > (CH 3 ) 2 C-0 

(CH 3 ) 2 C - O + D ^ (CH 3 ) 2 C-OD + 2* 

(CH 3 ) 2 C + OD ^ h 2 c = c-ch 5 + hdo 

H 7 C = C-CHo + D ^HnC-CD-CH, 

( - COOH ) ^J__~S' «Lp J l^i^-1 J ajja—p ±}\jjbj 

ij j * * 200 o»jJb ijj’jj tiJUbM J Li fr <ii Jo^ jJ . 5jbL^-l 

4 . ■ -• -} ) C»L-— »1 j ( %43 4, ; ■»■ ;„; ) Jji \lai\ J * 290 Jai— > j 

,^ia*b- £• Jy li/tfl JJ J-5MI &j £. j • if bl^j ( %30 

jt ^LLJI 4.1a J Jl jjjuJI 4-fr jo>jv* 1*1 . J^-liJll j—t tiJLJUM 

5jLiJ-l J^l j^Jl ^Ja-* J* Jr-T Jl « a. 7 ,.*U IS ^ <0^j 

oJkJljJl 5jl j-^-l JJIjJ Jufij <- 3jl j£-\ 'j* o f 4._^JsJ iUcb J^LLJI i)tj ( JUJL^-lj 

a 

jjjuJI . iJLc- iLj jjdl o-J' jjJIj 3jl j^-1 3 jt»£ Uu 

^U~*l iJLiJl oL^ jij US' t 3 JaLll w*L~«Vl 5— 

. pjjZ j\ JJ At j+jxa Jl y±\ tjyrj uS . i-iVu j iJUi 

+H 9 

- CH 3 N0 2 CH 3 - N (OH) 2 -»• CH = N - OH + H 2 O 

; J US' ^ jJja £* pJjZjy ,>U^j 

- CH = N - OH + 2 H 2 ^ - CH 2 - NH 2 + H 2 O 

• if <LJ U C»^UUj JUj JJj 




u- 



4jL>L»JI JLgJl O^LtLiJ ^3 ^jJL»u cJLS* Ok-Lj jl 

j J L, : ^j*^I 5-^jJU <UL?- Ojj j£S\ olji j a iJuJI Ji.at .£J ^ jj 

Ojj j£ c»lji ^jJL £■ l5 jj ® j-JL o^ApIjj ^jJLp cJU^t ^Jl 4jl. 5“ d *j 
O ^ApLaj ^JLp J <> .*.. .~.j L*Uaj ^lJLiu ^ jitj . aIpULlII iljil ^i-£"l 

irr^r JJ-b-j-J' 3' r 1 -*' f Ua_Jl u U. JJ . 1> J^_'lll UU j Lf 

*4 w 

jl C-JLl M ^Ja — J I ( jJL£’ bl ja \jj£a JdiljjiJl fjcju Jjj j^Jl JL-*~5 "jI 

jl Jjijjjj - j-i-i O^pULj O^pUiM 4JLA ^j*jyA tJijtuj . 5 j-#Jb O^ApLoj 
» 

JL*-t<JI Uj jX: dJUi j t (Fischer-Tropsch Synthesis) - jd- i £>-4* 
ap ji— » ^iU-l Jj»bJI Jp J-o.: .ill JpLLJU L*-^l ^Jl £l ^Jl j . o^bpUJI 4 
J»»l j-m-T L.Jl>«^ — I t JL.-«j LS* *)/Ij . JbUjJU; h-jM t_ajl 0 j£j JLSj t jLi-Llj J jjlJL-il 
0 L i. 1 I jl j ' » ^ . 4 _JLp S^LjL^j w y*\ ~ jit ^i-P ajL w j o»LPb » * 

. ajLL** J »»! yS Ol jlill flJLni-»l JLP ^JLpI 5*U£> 

J^l jjjt ^ jJa-- ^jJLc. df.k£ ^Jt SLii-J^I O^U-t.ll jp iJLJI o^iUil j— *jj 

oU j£ jj JL-jJI jl . jjj ^£jt Xy~S j I jji . $ II 

(2*n + I) H 2 + nCO — ^ C n H 2n+2 nH 2 O : &*> Ult ^ j** 

(n + 1) H 2 + 2 nCO ■ ^ C n H 2n+2 nC0 2 

2 nH 2 + nCO ^ C n H 2n + nH 2 O : oL-i-J jSI ^-JLf 

nH 2 + 2 nCO C n H 2n + nC0 2 

: jli i 'jij&i i— -^Jb ul 

2 nH 2 + nCO C n H (2n+1) OH + (n - 1)H 2 0 

(n + 1)H 2 + (2 n - 1) CO ^ C n H (2n+1) OH + (n - 1)C0 2 

- o'^LfrlaJ ^ aJsJLJI oljJUJI j . 5jl j^JU fcjU? o^pLaJI aJLa iili* j] 
ol jXaJI al» Jii J^-Jl jUT j i ^ cJb pJl j Uj jJ-I ^ 

J^bJI ^vk-* ^^JLp j jj j£}\ x~~S jl jl JLajjiIIj . 5aIp5* 

H - C - OH : ,J1 jlaa> <up jiL^I 




>r- 



: y US' £UI <uJb * U Amijjfir <31 JjjJ J^-r- ^la —U ^jJLfr jUuAI 

-h 7 o 

H - C - OH + H - C - OH — — >* H - C - C - OH 

** ** ** ** 

+2H 

>. H.C-C-OH 

: ^ US' Jl ^ill 
-H 7 O 

Ho C - C - OH + H - C - OH — — ^-CHo - CH, - C - OH 
j ** ** +2H ^ *" ** 

H 3 C-CH-OH yt &jj JZ J.4. * .tj jlaaII &\ ^JL^Ul Joju jJL'kjj 

J..~J ~~a Jx-lij j^-1 ^s- -uL-j aa_uJI ji jLi£-L; H 3 C - C - OH 

j i ^ c * ^ I 1 11 1 ^ 

iA if - is - - 

H O CH 3 

R-CH-OH + H-C-OH .. '- 2 - > R-C-OH 
* ** +2H * 

: y US' jl i-U^! J — 1 — J^UJt 
R - C - OH ^ R - CHO + 2* 



V n 3 

R-C-OH 

* 



R - C - OH >- R - CHO + 2* 

** 

^ R - CH 2 OH + 2* 

R - CH - OH R - CHO + H j\ 

* I u * 

. ■- - > > R - CH 2 OH 

. £vJj . . Jaa\ y>-j j£j OIJL^Uj JjL^j iJ^Mj 

2 H ^ . 

RCH, - CH - OH“— ^ R - CH, - CHo > 

2 * -H 2 0 2 *3 

R - CH = CH, ' --■ > 

+ H 

R - CH 2 - CH 3 >- 

1 vUCrt'l - LajLu/ 

20 5jl obrji cS* 4 -* ^ U j£-J1 Jj 

<L£- p-~J Oj^JiAl 6 ^JajM 1 .».M i) jj\ ^Jj 100 

: ^gJU US' dJLCa.g.Mj 3l^*ill j— -oJl jSl^j . oUjjiJI <3 jjI dl.Ci.* J^-bLJI 

H 

l 



O = C - O + 2* 
* 



0=C-0+H 
* * * 



O = C - Q' + 2* 



o = q-9 + y. 




\ v t- 



J* j ^ j4-l 5 °b^ 

L»J 4jLi ^fcJb..«il ^s- j_iUJ J jjj£j\ ii t .« fTjt ^yJLj L»i . UjUJI aJLM ^Jt .-II 

«U~^ ji ^Jl *yry ^ ^ j* 'j* jr^ <s > '^ XJ - 

. AjjUJI 5JU-1 ^Jl < jJLLjljj ^Ja— JI i3 j^j ji U~JL *i t^iil Jjj j^JI 



dJUjjjLH { Joj^ Jj jlj^*M ij j?~\ a ..^ JljCy* ^mJ^LJI ^yaju ^j-i3lj 

: ^ US' dUL-JI ijAaj JU j lb ol jJLi 



HCOOH + 2* 






HCOO + H g ~ r ‘> CO, +2 H 
* * * * 



: Ol ,1 



HCOOH + 2* 



tf-r- 



OH 

i frjaj 

H-C-0 

♦ * + 2 * 



H 



O-C-O+H 
* * * * 



0-C=0+2H 
* * * 



e*-r- 



/ 



t j» jaj >J)tSUl ^LSujISLiu oJbtj ^yUl GMcCiIIl - Li*U> 

LJLsJl jl jil Jo* J ^ jJo_J <^jj^-l JjulKj *‘j • «li oV-frUJl j* JUJLaJI sIjJl^ 

aJ — L - - -« OljJaixj ^ O^UUJl 6JJk jl .Ld.-n\lj . A . .ft *U»U qA:l ^1 
Jjjt ^ J-j ^JJlj t a—-**j-* Oj-y»-iJl jJlSoJl ^y^LiJl OjjjXil 



: iJiUll ^ US' i»U?l Ja* i3^ — j fj-i ^jl&l JjjI 



> c = c 



/ 



+ H + 



>CH-C 






j«£d Uo-y-JU* J— — c A f.OjJr ip} <mUS JLmj djjt 

0 

A*.. j-j-t A,..^ J_y- LSKa: ^Uo ajI ji t ^Ui ^jjr *->jj *J f 



5 j-*3‘ J*'-* 3 ^ ^ 1 ^rij* ^ f 



. w l»jVl j-i ji J-SO'jII j-i ji j-jrjjjLj^il 3ji JLajuI JV> j-» (Isomerization) 
. - l£j — II JJL* A__Ja_*Ly- SjUjy J-»l j-t O’^ULiJI sJl* aJIT 

. ^ ^JjjjlxJI jjji ^Jl oLJUaJI ^Joju ^Jl |». v *tj 




1 d- 



ji *y:y. ^1- yft -JjVI j-& JLj5 i ul 4 xj-j tgV i £^ 4 Jj ( I ) 

: <LJUl <L^LjLC_ 11 J-jjjJLT jl 



CH. 

I 3 

CH. = C + H + 
2 I 

CH, 



CH. CH, 

I 3 I 3 

CH.-C-CH.-C+ - 
I I 



CH, CH. 

I 3 1 3 

CH. - C + + CH. = C 
3 I I 2 

ch 3 ch 3 






CH, 
I 



CH' 
II 



CH- 



CH- 



CH. - C - CH. - C + H + 
I I 

ch, ch; 



‘3 ^ IX 3 

jJU-l ^ ^alaiVl £-4 JaLIu (ui) 

: ja f j-i* ySM- 

c 2 H 4 + HC1 + A1C1 3 >-C 2 H£ (AICI4) 

J_JI j^ji jJLi-l J-oLaJI £* J^LiLj J...JL,-. ill JxLjLJI U-*jj 

j jjij jLi/jM jj» 5J'j] yj^ J-o — aj 



CH: 



c 2 h 3 + ch 3 -ch 



ch 3 ch 3 

ch 3 -c-ch 2 -c + h 2 



CH. 

I . 3 

c 2 h 6 + ch 3 - c + + ch 2 = ch 2 

CH, 



CH: 



CH: 



CH: 



I I 

ch 3 - c - ch 2 - c + ch 2 + ch 3 - CH 



I 

CH : 

CH- 



I 

CH: 



CH: 



1 L 

CH. - C - CH. - CH 3 + CH. - C + 

I I 



CH: 



CH: 



j-jdJlj ■ JLJt j-J jJaiM ja JjXsj d\ d -JL; V IJUj 

. JpUJI JLU* frUl 




n- 

i Isomerization 

: ^JL L>5" 5 ^Uj 01 ( *w> ) 5 jlaiM Jxlij j-» £bJl Ot 



CH: 



CH 3 - C - CH 2 - C + H 2 



CH 



CHr 



3 . I 

^ch 3 -c + -ch-ch 3 



ch, 

I J + 

CH, - C - C + H - CH, 
I 

CH, 



JJLuj ^ jjjl ^JLt JJUjJlU I Jla Jjnj j 

. I.x£aj ^"iu j' £$ jj* Ojj ^ jil j-» J*UJI frLjl *-^jAl 

t Catalytic Cracking JI^feJbjautSul(( * ) 

jUaJuj^L) dJUij j*JlJj\j jiufi\ Olijjl ^ij 5 ^ j— i jjjL^M OUjj\ h^X^Jtsj 

JULiil ^jl Ujb i-j* y* Ojj ^ jJj Lj (3 £3 j — * JL-C- 

rch 2 ch 2 c + hch 3 ^ RC + h 2 + ch 2 = chch 3 

i a-J L; oLijjl ^jl a Jj'j/I o Li jj*}| 5j—» ji Ojl-j^jj 

jUaJLj^H Olj t 4.L.JL.JI AjL^j 4^m_ 3 I jJI Ojj j^JI 5ji ^ AmJ^jII AjlmJUI l) ) 

L»1 . Ojj ji* Olji Oj^Aj Ji-il ^ j-i-J jt 4_Lfr ^l^j li-j p jOj— » - — 

LjiLi S^j-JT L-JL*- ^s- <syS- i-jL»jj^M oU^jji'jjJ ... $ M 



o ch 2 r + h + 



(~\ + c + h 2 r 



Oli J j jjull oLiLJL* Jj jJ- Jfi jki Oj—Z <L-£L-j> aJ jjjJ-L j ...„. < k:,I1j 

^OLaj ^JIj 0LJL& LgJ jj ^JJ aJjLixII Oljj^l 




-m- 



jlJ-UVl: Jjiyi 

* Adsorption jijJUVl 

ijL* ^Ja_-i oUjjl jt olji jl d>l ., , .Uj-*r 3aL* ^*—4 3 y*Ua jA j 

£a-*c 3 4-ij ^1 ^-J-l dLJJ-l jlji*l JJL* 

Ol jlaJl (jiiAj jji- l? -jJI jl j-s-»lj • {*^*-flJl jJI-ii ^jJa— * J _ r U« 

jjj* Js. olji j oUj 5 jl,a jU £** dU ii* j t OjJlM j 

(Surface Free Energy, AG)3^I ajUJI JL aii 5aU 

(A S) ^j^fi/ifl ^ joM Aiil ji L jS <St {j JLJl 
Jaju ±JLAj dUij c ^Ja— Jl cJjJb LgJaLijI 3JL ? j,* g. ; <a "> jlj^^tl ^Lju 

f 

jAAj j . jl j-s-«^/l J--® l $ .ip CJlS* j^jJl aJU-L> L-*Lj L^Ij O brji 

(A H) t^jl jJ-l (£ >s-^l ^jAAj J-^-lj dJj ^ (A S) ^jj-si^lj (A G) 3 j_i- l JJUaJI 
: T h-m* Sjl iarji jua Uj» diVJI oL^SJl Joj ^ ^Jl itaUll >... ■■ >• 

AG=AH-TAS 

j U-T t (Adsorbate) 5 ^-JlIj ^k-» JLc. jl j*»)(l ^bu 5^111 ^*—2 
jiyCj jl ji*^l j-aai JJ j . (Adsorbent) jllb jl yurt) a-U ^ <^Jdl ^k-Jl 

jlj^^/b JLSdift 5 jjfcdaJI j t jUl ^Jb-J! SJdMj A-j^r bi-Ja 
3 j^ Js- UL^-i jl>>)H J Lfciijj . (Unimoletfalar Adsorption) i-d jj-l 

3x* dJL. ~~t J jlj-^^l i-3-Jff Ot ^ *~iyr oLi-jW 

(Multimolecular oUdjjJ-l i-u»^ jljj^yu AjJd* 4.. U .J I 

. Adsorption) 

t Types of Adsorption jIJjUVI £l$ii 

^ J ^- b JI 1 jl >5-i)fl 4-JU-* ^ CjJ*-* 

3j)LJJ SjjL^I oIjJJI OljJJI diU Cfj JoJ^j ^Jl JaJ^ »lUij L^JljjJ 

t ^y>- r lal l ^ £ J^" Cr* ^jAt-JI ala Ji» ^£- jl . 1^ — *' > 

^ jiJI jai ^Js> j t XJUdl ^1 jJli jt ijU^' oljUil A---JI jl^ 

, jdi ji>^>^ ji >^7' ^ ,Jj * iJL -! v»— J 

. (Van der Waals Adsorption) JUjJLiU jlj-^l jl (Physical Sdsorotion) 




*- 

Sit* ^Uu 0 yfcUflJ <L7JL.jp ^ l,£ ; ; .t) . .Ml jly*^l OjXjJ 

, 5iUI i jmA j JJL-t ^Ja— < 

Lgjlji £-— iJ f-Uu UjL-L-*^ jl 4..JU,g ji ilflJLi JUG 3 ^-JlT ^ jJa— i JLa 

# * 

^jJl Js-jljjJl l_Jj^_i£jl <L £^Ia—Jl eJjh Olji ( ^JLJj . LJjj»i£jl 

J^-iJI 4j^|JU ^jJa— Jl £^»Jl lJUfe ^u; Jfi jj . 8jjl_£l OljjJl 

j-t iS y AUai ^Ja-Jl ^ 4 jJI ^J l oljJJI id jJUJI oy M Jii ( > ) 

f J! J-s- iJ J^*J ^ OjjJlj . JiJ& <y *i 

y oijAJi ja a j \ T + , v s JaJjj J! '•** J* - * J*-*o • oijiJi 

j\j^yu j\j^y\ ^ \ iJut ^juj . jlL-ji ^ig Uji j^\ ^ ^1 ou_ij >1 

^ jJk-> jl ja^I jr* £yJl 11* JjjjLp- . (Chemisorption) ^31 ...». .<J1 

I I I I I ' *’ UJI * ,jil 

-M-M-M-M-M- 
I ! I I I 

-M-M-M-M-M- 
I I i I I 

-M-M-M-M-M- 
I I I I I 

-M-M-M-M-M- 

-M-M-JVl-NI-lvl- 




O) 



iyjjjf-t jl SjJLJl (Non-Specific) JL*p ^ ap- 4jL jL*j ^ yU^iJI jly^l 

1 jUI rJa—Jl Oljl UpLJjI JaJ jj *il l-JU j—J Ijl jaj»I ^jjUu ( ^J1 

ji OljJJI 3 J jJlJJI 0 -L-J 1 I jl«aajj . ^,b~JI * 2 -p-L— JJ^-U 

i^L-Jl y 0JA«11 OL-iJjJ-l jl GjIjJUI $JLg 43 JL. fljj t 3 JA«JI OL-iJjjM 

<L«J^j-ll jl AjJUL) l)Ij J yJ& I {jA aLtl^lj . jl jA*^| I 4— Lg JjJL»*j ^JL3I 4 i» i « . {l l 

530j»u» ip-l — • iS j^-\ ^jJLg IjjJ L» ^Ja-» ^jlg 4jp..;W Ujlyul ^ 

SJU-I J UjJ-l ^ jt «j JJl ojjJ jji Jj! jjA SjJUUI oJjb j t gJa-JI ^Lg 

.a^UJI 

J- £.'y> JftU »j<r j Jl U-l' giUJ' 

5^uil 5iLJL! if ji JoUjI J* J * - . tj A jt . C j B j A jjjJ-b 
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AJl) B Lit . aJJaaIIj AjaAwill Ajl j^\ obrj^ J AjjJL^ c. J*jj t jtil W ■ ■ lb 

1 00 Jp JbjJ 3j! j^1 oU^jP J apLp uajl^u Ajf *5f I A £jJU L$jLJL_* 0j£j 

J apLp jlpwj B j A «JU>t JUa.jS' jl jjL*l 4Jli G £^JI U i . aj jP-* 

^ ^ JJLL jS\ Cij£ui i-^Loil 3jl >1 Of j JUiiAdl 3jl Obrji 

aJUJI I jj j c j^)fl JJ dJ^iJ J jVl i-JI J Jfi jZAJJ • JLjJJI 

j I JLG (> _ sr sJ l Oj£ ^jJb — Aj^j Wo.; II Lit . Ljij.. » i j~£ W j .1 ;1 JW 

* 

jJLill W .~ I a_JLLI d a>j^- Jl S j^i oLjjP^Jf ^jijJ Ujjjr aajIa* a— C 

t * 

. IWj.Lw A*^ j^l Lufi Oli tJJj I jljii^l aJp JJI 

, ^44iOij ^li^oi^uyi <5* a^ii 

t JU ^ - C ll ^ A«plj> J 

L* -i JX’ v^aJLau ^jJl jljJLi^/l JUJLP ( J A Jla J>Li^^fl Ajf jtj AjUs-rf*il 

* i— JC» JjjJ? 

JsjtjjJU . jj v j^< j-?s-*"~0 J— jl ®jlj-^" A^-J j : * *■ * ~ V 

J ^ Jf opLp OjXj JLj+UkJI jl J Cij£sj ^ill LJU«-£jl 
31 ^y\ ijtjr j* jS f ju*^ji 3 i>u)n »j> Ojfc ot ^ iJdj * jt^i 
JL^yi J>JU J^r ol^JJ' IaJm Jt,>ii! 3»>>>« 5j»^ ;■** • J^» 

. OljJLiil Joju JummJ 3jIj^ j^i o jiu 3jI jiA ja 2L*&t aJUj t a^aJLI a^UI ja 

^iL yJt\ )\ ?S)\ i 3UJI aJL-Ij ^L, >it» 3 ‘ ^ l>i - Y 

5>iJLI 5i\il jL-U Ajrji JiJ jt o jiJ 5jl ^ oL^ji ^ jjJ-l ^1 J— «-> 

5jl oL^ji (ji a^U d^JL^tj Aj^i ^La^JI 3 lji^^ll Lit . jllall JoikjaJI jlp 

. a jpJll a^III OULp orja ^JLp JbjJ 

^ AiU «JJ j 4 JpLLJI 5>^l 3* j~*t ~ T 

(JjJ A~aj-~- v %-» LPj^j ^j\ : o i. ^l l 3l>i-i)ll j-s— J J t . la * <1.» 3 aJU» jjJJ 

US' ia-iJ AJlt JJ v AJli JL>iJl 3l>s*)|l Ut . aUj! j * oUji 

J Lp j_— » JL j—ill • Jl-» JJ jt^H JL - < 3 Jpp JU-1 

. Jl*JI Jp 3l3 24 ^ J^ 3 LAJI OLIp A^ji ^ Ujj 0^3 ^sJI oLf 
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: Lnrrr-J j ^ j-J* ^ j' jz *) M ^y y> UL^»t S -> * -^j J 

0 jXj LgJLs UJj ( £j_JLd! ^JLf- jji i-JLp 3 -^jJj ^^k-JI jji j_J^JI jlii ( t ) 

5 5-c-j—oj Lja-aJ*Jl Sjl jJ-l Obrji ^ ^ il jil jl ja*I Sjali 

»J*y ^ °jrr?f <*j—> j'js-*^ (rt • W; — i 

. J a . Aj I iiU* W Sr-r-H 

oaUI ijii 2jLjd c#l JLt ^ jt U-t—* jilt gtkJI d\f lij ( v ) 
lift JAi jj JJj . iiJaj Ojj-cli Salt yjo jUl ^Ja-J! J>b Jt S jiUi 
oUL~UJ iJ^-JJl ^jJsmJI jjJLt ^1 >».JT jl js>t ^JJ JjJLt 3 jajJI 

jlj^«J C>l j OLiLJl ^\ 5iUl O Jjj . Ol j.JU.tJl ji 
ti\£s 2J — Jl ^ ^ Ajji IJub J* j (Absorption) ^IasJ jl J\*y± 

. oj^-j it j— Jl jLa 4 ^^JLt iLu-T’ib i-JUJI »jl" -H i ^lt b yfg/i 

jlj-a-^^l dUt-^j Vj t (Specifity) a~a j-Ai-li jU*-> ^L-^XJI jl jA»}fl - t 
l« )fim* S^LJL] ^{\ ..» Jk JI jl^J^yii . <g*0 jAjL I oJLa ^L^yiJI 

_jl t i-JjjJaJl (a pAj JLt y T ^Ja— » ^JLt jljA»^|l dsJLjtj M Jlij t i:.. «,* jjjla ^ 

. fljl y JaiL> ^ i--»Lil JjjJaJl ^Ju JLt .Jl ^j-Aj ^JLt 

jUl ^Js- Jl ^^JLt aj.-wJI SdUl Sjl^-I j iJLJa ^L-4_*£J1 jt j_aj»^l J - 0 

jljA^I OVI (Jj . jljA-^i ^^Ait JLpuT dJUjj 

ilJJI iS Jjuj J oU ^Lj-Jl jl^)fl Ui . iJ ^\ y I iLioJI jjb^aj Le ^L^-T 
. Ojl yj J* iL^iLil jjjJJl JcS- V*JU jj OJL^-I jJI 

. ij 

£*>\ jrr*-* ^ L*A^tj i < l J-£ ^1 _^il jysj ^la ^ ^JLt iU^I^JI ilUaJI 

jljA^Vl ^Jlj-. J-Aj LaI&I iiUaii c^jJLaJI JiUJI 4 i- j iilkJI 

jljj^^L oi ^il «JLa Jjl« ,JLt 4^j-»w <^JJl jljA*^l J yjj . (Adsorption Sites) 
jukJI JLt iilkJI olj^u J l»JLt j (Localized Adsorption) yi ^il 

4 

jlj^i^II i y - — i j i j\y*y\ gj\ y y lJI> JJjUt j*~jo ^tJeuJl Jli Lw j— 

• . (Non-Local ized Adsorption) jj, jl ^a-Jl 1 Jl* Ja» 
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^il y yj ajH (Localized) LjAybj&t ^L».,<JI jl>u)Mj 

j-~£j 4 — (jJj ^ jJa— Jt uu^gj JL:.»jj . ^JL^oJI 4 jj> 1£JI 4JlkIb i.fl -A :'t 
c$l j-j SJlkM (3 j-i OLS” bLi . ^la,~. 11 ulfi> SJUsJt Ol j—j u 3 jl.j. S» i jLe> <L.«jL>uj> 

# I 

SiUaJI ji~Al i j»J& JLl£> C-JtS * j i LjU IjI-UL* Jx y*& y 

* 0 

. (Homogeneous) Lob«cu j\ (Uniform) Ufa;--* 0 £Ul ^Ja-JI Ob Ju*l£jl 

JLA ^ jJj C.;,.»i ^Usuj^fl iiiyi ol J-Ju a * -~. UjL£j 

(Non-Uniform) ^ la * ; < j~x JL3 j up Oj£j £UI ._n Ob <. iiUaJI y LjIm* 

L^-pI j> ^ caL^J L-Jb«cdl ^^k-Jl j . (Heterogeneous) ji 

^1 ^1 4..«.»Jj . L~Jb»uzlt j-Jt- y> bkjjij 

oL^jJb 0 oljjJUl 5^ J.*.** JLJLaII ^j\imm M 01 

. i—Jbi-ill ^ jJa— Jl Lu jj OljjJLJl j_-*i jjj . 4jjl A?.* 

(Energy iiUoJI j-rb- 4 jL£ ^ ^11 jJx ^k-» 5 JjLJjJlj 

4jjI jJ- 1 oi ij t ^k-Jl Js. & y\ JJ ikii y jUai^l Jcx Barrier) 
'y\* 4jV 4 jl r-ty ^ ®JaJL1 iiJjJlj . ^ fa . J I {J Lx tf£j j^cJ 

. iSUaJl ) jJLa JU^j 4jU» AAjjgJI C«£b>l Ijj *5l| a£ LftjjJLiLC Oj^J ( Alii? 

J! *>• ji iiJjdl (Mobility) 4JU&I j~ezijj 

L..«-‘.JL LjU 4jUaJI oJl» O j&j c .kyiJLJ 4iUa 5 jjii wJLksjj c ^b.«Jl ^JLfr 

. - H iJU- ^3 5 jJcjtj j*ula.. II 

1 Absorption ^L^IUy I 

JLr-t O^i La«* OLdJbJt^* 01 jjb LiJLlP 

oJLa «Jj (, j-^ll ji L«jfcJL»*l jLJLiil j-LLJI ^Js- JJj . j^i I 
jjjjJaJI jl^I 0 j^j L»jlxj . (Absorption) y\~a S yfclkJI 

oJla ^.<a 7ij . (j j_>Vl ^3 ^-j^Ul (Solution) J jJL*-» &j£xj *^» 

. >AJL-i jLL0^(l <J c^jJI jjJaJI 0 Ljla 5 ^Allitil 
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ii-ijJI £>\ J jl js*lj jlisil Jp J ^ . i^ j * JjVl 

• J^' £>J' *>* J] yH\ bltf J 

<, jU oL^jjj>r jbipil JuoU- e j^ojj t 5aU Jlii jLipjl yj t ^Utf I £ »Ul 
4_JU_«JI oJla Lj^lJI J^* 1 j-i JM> i^jjJL 3LJU* 5dL* J 

. Jg..tj tfU? Jt (Crystal Grain Boundaries) 

SJU 5iU cf j>JI J$L*JU jU Jl JL* J 4 .:^» «*UI i £JL-ttt £>i)l 
•JU tfAjSj . c* jjUl ii j^l* ciljJUl ^ bj*jll OUljJJl JJ J ^ jJlj 

j£_*JU 3 -juJI olil yjJl J olji jl oL^j-r j£jL* jUJI jU^Jl Jl iJL^JI 
. iJLcJl s$Ul J jUJU JL£*- JjJb*-» <u 4 guj j t.-Jl iy ji jLipjyi ^j^ij t tfjjJLJI 

^Jl il jll Jp L ju kjjjJ? JLP £jJi»tj ^JUI ^Lp.a^l uJ j-^j 

J j^j y ^1 ol jUJI J atiJLx* dJUJl j JUI dU >JI j 1*4* 

jj^Uci^yi ^ jLiJlj JjVl J— ^ >Jb ^-JUoJl djJj£i I jf.*.'«jj . L^jUUm* 
— llj . fclll ouJj Jp aJLp oaU J «i>Jl£ ^Jl ^l .p : «yi LJ 1 JU-siu j 
JpSjitj LfriUlJJj. 1 +sAiTJJ ll-LJ V*l— * £j& aJLbJI 

,sJLi iaJ jJl iujlijl JL-LpVlj . il jll i-» j—^>w» oUti’ 

jJaJL j t 1 $ :i=^-> L*>Li 3 A »t Ira .*» i^-Lw* L 4 J jJLDl jl jJl Jp ijL-i&Jlj 
y\ «g.:.*l Jp 0jJL5 J3l i) j^j l^jli Aj jJLaJI a,. ..tp-SlI o jjt Ji» J oULji i jsr j ^JbJ 
yLeuj^\ ip al.>j3j . i-oUJl 5jl J-l Obrji J ^Lpi^l <£ ymj • 

oilp J j£j ..2 » J ji*-« ^ j^j a.jp wu i£Jdlj LJLp SdL* J j^pI— p_i-*yi — V 

oilp J j£j JJI jljJt-i^M ^ jfiL&ZAy\ yg+zj IJL^Jj t 5jl y ^UopaU b y~A* 

* y b j^*-P-» 

j3 J j5u L*jlp ( 5 if y\ edb* J 0 j.* v.VI 5iUI JL-^T <!> jX? Ujup - Y 

c---bs: t ^JLI jUJI J^i 4 J-oJl ^ UjJ JLJliJl 3iUI J Sj-ipJll 5>UI 
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^Mb- 4 1 a jJcu3 j . jAjl jjJI jJLM £• t*i jb 

. Dob- ftJaJ! 

ObUJa «ol j^JLp bbj^j j~ - ~j <£ jb-i Silo ^ku4 ^JU> Oil! c.^kjl — T 

<1)13 Ijlft 5 ^uJi 5iUl {}j£j bJL£ j t ^Jau-Jb jl ^bO SiUl Objj^- 
i^JJI It j— » bit . jbJI JfljL> £• bi jjo <w*-*Lij jl if- ^ 

£k~J! ^JLt 8 SiUI y~S y DM ju j^J :i LgJli JjJLm^ y j£i ^Jj tjijj 

Dill jS y Ol <J)jja1Ij . y\~azj?i\ X.1+S- ^3 Dk^tj 4 jJa> jlji*yi Oi jL^tb 

. ilb- JUu ^Lj a ill I le*.> ^JLc 5jjj-JaJb M aji*JLI 

* 

jbJI OLjLjJ^- b y%*AA 3Ji..,.«Ji OljbJl ^jOLfli*! j^j — i 

^Jl DLoll SiLOJ ^j^Ui JiLfU DlJI gjl jil uui olj Ut j olji JJ 

jib I £» jl JLl£ .tf : 4^/1 ^bu jUJt Lti* <w*-*bi3 j . jbiJl y-^Z 

OljH Ja^j jl j^*Ml ^jlt <jJL.,a *i b I jib D^bJl 4JLAj t jUJl Jao.AJ y£\ 

. jUJl yuJ ajLftJt SibJJ ^j^Ut JSL*U v-JI gil ji I JbfbJt 
M 4-.JU wlbi 11 j i (Fick’s law) dl* 0 ^ibiJ jLUMI j* Dob- £jlt g-ibj - o 

fljl j}A OrjjJ jJl jJL^l £• jbUMi it j-* rfbiJj . kyJLJ iiUo s..Hi , :'i 

Ub 3Lt j»-» j-.-w-'i.'ij & la,j-.b;j DU gbLou <bbi jljAA^fl L»i . a alia U 

. Dilail 5jl 

i— b-t ub u^S" j^» yy*j 2JUp Sib ^ jlA bJLP - A 

L-«X!l \j-i£ Jb jJ 4 Jijk j i jUJl jj» 5 j~£ * -- +£ lUf :,.^.» 

^yb»j jz*r jjl-f5bi . 3 jjiJI jJti -k* i-LoJI Silil J-J j* Ujl j~»\ 

* 

4JLa OtJUjJUA yy>*j ^^-Jbi-iilj fyJ jfjjHj ^^Ji^-Jl Ol jii jl L^ Lia: ^ 

i Energies of Adsorption jl>Uyi GLatla 

^la !l j S j^Jil ii-JjJl j~j IbJjMtj J^bUt j£- SJ ji.** SiJbuL4 <j jj JLa 

* 

. b-. y~-Ayr jt j^Jji ^-4 ^>iJb j—i’ 4l»j ijUl 

Si yry b^j^J S y C~~~J ^k.Jl Oji 0t jA ^Jbbl jJI 

4 Jub jlIoj M bjibi ilj ( b^i Sb .‘fel OljJLJb AkJ j-i t ^b— JJ (^jjJLJl JiL_^JI 
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: US' ^ (S fijjkj . ejiU! jt OjUU l^JUajl JL£ OlfeLijVl 

i-J t-jn-Jt Jjlif ^ LiU (Dispersion Forces) c-s-UJI ijji- \ 

J! iS* y J u»l j-U : j-* LfiP £aaj L* j La-4 j-aJLj ,^-J j.iU 

# 

. U4 jU'jjJI w»il4 ^ (Resonance) j-ij w>lu*-J 
^ j-aJ' oJU j-$Ja3j (Repulsion) j-iUsil j (Overlap) J>1 .LaM iij-i - v 

t j-jj jJl j-j iJUlj JL» U g .in w ; j* jLji k~)jsJu 

x^-\ ^4 jiS I iiLJLI jtfiU 5JU ^3 jm-JU! jjdl jJI jj — j jiUJl 3 jJ LjLJj 

. fc j£slt ikjl l*uLf ^ jjl 

aj-i-Jil jiLsjJl ^ iiljjJl jtf- OLJ j.i„ 4 tVis\ frjjjS Jl\ ^jJUt £>f 

bl 1 •! . (Non-Polar) U-fei j--£ ^k-Jl j\ cj I f IS) jUl ^vk-Jlj 

* 

j-~jb ^gi jg" .4 LijT 3j_^S" JLil dJUb uU ^ ^ jJ oLi i , -hill* o j^c 

: ^ JLiUc^l jiJt oJU j ( JojI yJl 

j-aJI #Ju j-^ejj (Dipole Interaction) JUJaiJl cjLJUJI J^Uj - T 
t gJs-4 ji ^k-4 jLp 4_Jai U-3i jljij»] .UA- LiiL-JI ij jJJl 

Uj^vj ^.b all . ^—bi ^Jo-4 ^Lt 4 : ,..bl i3L~&} Jb£ vlUiS'j 

• ^ ^ ^ ^ J Ul^ Up 

aJU j g b ~» j . \ g .-„ ai o^_JlI J\ CjIjJlH j-c- <u-rbJl c£ j-fiJ' - t 

ib yj jJljjJI jjU^Aj iU--> o j-*,4.ll jjlijJb ^,b „^11 AmV}** iLijl Aaa ^ jjj! 

. j>*Vl j£ aaj c->1 jAlt 

» Kinetics of Adsorption & Desorotion 
iJU ii yu ^ (Desorption) CjLS y i-jlji jlUj 

t\j^\ jj-J dJU ojJLaJI j i t? .JI aj-a-Ui ^LijJL U0LM 

. Ula^i 31^1 UcuH j jljA-yi oLS’yv U»LM 

U -4 JA- AiU 0 I 3 UU M' ^1 jJuJ' j 

Jb^t j wy ; LtJib-'tAt n OUjJ^-I ^-LA Aj^iJb p Jaju> JLA » L ._ » jU oUjj^- 

Jir nuU(^ ) iJtiJt ^ ^ 
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dn 

dt 



0) 



(2 7imkT)2 

Of y j (Sticking Probability) aJUs*-I JjUa s Of jal/iti 

JL aJLa 4-JLtj^l jjjj j aJL ^Uj ^Ja-JL oJda ..a, II 

: J US (r a ) i*j~. 



r a = s 



(2 n m k T)2 



( 2 ) 



: y 5-Ui Jl y J jJI SJUa^I Jtsjj 

jl^)l jliu ^1 oLij^l O^i JiUa Jl £ta* jl^)M LJUp c-Jtf lij - > 

. JttyJLuli 3iUa dJlLi dUb JL 

jj jj gJa»JI JL jl ja^/I dj«La- Jx.t.dl JL&aII u*-S\ Jj £s-^ Jsaj J-JU ~ Y 

<L»-iLa 0 j£j .lad i L; aa L— S*l J Of IJLj . jlj^A^AJ Js^JL^Jl 4jUa 

. il L-^JJ 



Oj£j Ljl jz*\ Oli JjUiUj i IS y iilla ^Ja — II JJ J-A3 i-ij j*li 0 j£j - T 

Lf aS%zl\ j^»t lil .lad i yj jIjsa^M Oil oL-aVI aJL^J . Sjl ^ dflAJjj L 
^la.^ll ja<LJIj gJJLj L—ju jH Oli aJ^ALuj i ILjIT ipj — «j 5jl31jJ» iiUoJI y 

. s^juu aJU-i jj ijajj 

UJ ^L^cdl jS> ^la-Jl JL USm U*i (s) jljjy LJUpa- 1 s s& - t 

. aJL jlji»}|l £jl y sj> % k»‘ s l 

. aJL psS L*j LaJja ju £ of ^la-JL; La. iW ..flll juM — o 

JlA JJ A-1*-*JI ^LL <i-A- Jl !« . < . 1 1 jl y*y\ Jp 3j J-Aj 11* J-klJJ 
cr 11 J 11 J-*-* ^ OjSo ^1 dUb j* La i^udl ^Sl jil j l Jl a Ju* 

. t*JL JliJIjljAl JpSjdiJIlJ 



Jij laudjJ AlUa Jj jrLao ^JLJI j1j^»!AJ L....‘Jlj (s) jl jd^ifl aJLpa'I jP ^ajj 
s = a (8) f (0) exp [ - A E (0) / RT] (3) : li>\A\ 



t j-* f (0) j E Of j £*aj b a JL.;jJl Olla JJL*u A E (0) d~—a- 

. (Condnsation Coefficient) cdJ^Jl JaLu Jju-» a (0) jjl>u»^J y—.LLl Jt-Jl 
: jl^A^fl 4 P j-j 0 j£ j UlS j t (0) ^la .»)! LWi>1 jIjiSa JL ^ildit iJla Japajj 




— > T A— 

r a = ^ r o (0) f (0) exp [ - E/RT] (4) 

(2 7t m k T)2 

( 1 -6) £* v-lai JLi-l ^k-Jl OJi j*4j ^ ^ 1 j! J ^ 

JLaS^I aJLj 0 jA ^k— Jl J4 ^kiH at 

: jf i (1 -0) L«*L&» ^la— H 

r a = f (0) oc ( 1 - 0) (5) 

& UUI jJLsaJI JiJL; sLm ^k-Jt jm \SSjQ 3 y+l\ » ^iU3 li j 

^JL- fl jJliJLJI j! j_i>J a j»£j .AjJLlPj i ^ln..ll ^.jAi j-* tli-Cfl "M 

: yUW 

r a = f (0) a (1 - 0) 2 (6) 



^k-JI 5 j^JLl 3 L^f I at J»\ jjil* Sj-J-Vl ibUl! 

J- $jr+\ JOJ 1 ^ ^ 

^k-Jt ^ 2S M Js. Sjili J-L j\^\ ji\Xi ^\ 3U*>H cJir \b\ U . U 4 -U 

: £>}i 1 

f(6)g * (I -ft) 2 (7) 

2-0 

. jwVi - H JU- 5jjt£l £iljll iJLc- j-ju z 

j.U^EiJyaj. (0)A^i^^(4)aJdU^EU^JU»;j 

: <JaUlt ^ij 3L«JUj>all ^jh .wit lj 0 



E = E 0 + a 0 



(8) 



^k-Jl jJLfr k-_JLuJl OLilt £jjjJ i£JL* ^>tyl jtJ-flM JaI£j ja Jl*Vj 

jt 1} 4 UjJL C «JLJL^sit J^Ut 4 jLa y..ti.i4jj . kJlijtai 
oJUb LLi-*! j . JttJLdLl JLLaII Aijlai p jjp ^ 4Vi,.i uLi- O jJT C^lj k»LA 

at JLtf (S) ^k-, J* j\yu>y\ ^iU3 ^1 (A) 5 >1 3Lju>f t ay aykJl 
ojsjf JJ J y*jz at JJ (AS)* JjLji (Activated Complex) lh.*;« Ijloju* 

isUsJi ^ »>^u^ jL^-4 a! LfrJ 0^1 ot »JU ^ — 11 

al jil j iUUsil al jit £• aij3] JUU- ^ .kidW xEaII £>U*j*r a/jj.AE **U3 ; l 
iJL-J-l ^ (A) oalll ^ JJU-J La iUUsil atjUji JpUsM ^ 2uM 

>uji £l U . 1 *JL ji^ju ^Us ^JI (S) . a<jUJi 
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4j Jaj f. j-Jp ^ 4-U j . 5 ji*Al ijjjiLb JJUjj 4Jll 

: ji IaS* JaJLdl JjUII 

A + S v > (AS)* 

: ^urCr^j^Uj- 
r a =k* C A C s (9) 

4 _JL.c o jJai-l UjL^L JsJLJl jULaII ^ j£j S-tj—j ^yjlj 

k* jUJtll j-aj j . i^y-l ^ Sjili -£ 3^ UJ» jpj t jl 
: j> <u£ jjuj t Jb ~: U JLSaII jj j&j ^ jJI Jl c~>tf 

f * 

k* = JU- — ^ exp ( - E/RT) (10) 

h f A f B 

3Jb jv^ f j (Plank’s Constant) h j OL^sJ ^ c-jIj ja k d-_*- 

# 

. (Ground State) iJbv L-»LJ 3 -jujjF (Partition Function) 

° k*= C A C s -!£. (AS) exp ( - E/RT) (11) 

n *A f B 

l ( 1 1 ) 3j-> V'ibUib (3) itaUll 3jjl Ju»Ufr O (6) JLfCd 1 JjiIm 
4~fr jj ^ y£- jmju JsJLdl 3 j 4 JI 3 lM 4jjl£il US' 

i> cJU-fti jJj . UJljjjJlj ijj! 4Jb j-*tj JsJLdl ii w.JLJ 

^ jl^l UJ* (8) ibUll yJVb JaJjll jUuII ja U\L*y\ 

CJIT b| Ij-S Jjij jl^yi Spj-i 4>l ( 1 1 ) ibUil ^ . iry-l Ojili 

^ oL-Jjjjf-l JjLJ i£ j»Jl ^jic- JjAif’ *U. - .ai 3 I ji»y \ Ot j » j-UoJl j-» i-jji 

31 u>^l iilt ^ jL-J L^j^i (Desorption) Ja..l;i iiUa L*1 . S^jUJl JUU-I 

Ui . J=-Ui» ^ 31 yjy\ y b- dUij Ep jl>-)l! iSlfc /i E c ^L-».<tl 
r d JUiiOj . E c + A E tfjL-J IJLf) Ja-idd jl JJU- 

i f (6) Jii Ojj-ojj t 6. 4. d a w. : . 1 1 ^JL» ( ghkuJb 4kJ ^il JjlijlJl j-T y 

( 12 ) 



r d = 6 (0) f (0) exp ( A E' (0) /RT) 
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LLS' j£+jj . Desorption Coefficient J-»Uc 8 (0) jtJLoil 

. E' JX«1j j ia.j.JLJ 43 U? 



, ^u^uyij jijiiyij ji^uy i guus 

5jU d*»a^u ^JLIl JxluLJi (jx» 2i jjc* <*3a^J 

ijj-Aj SjAj'jflj OljLiJl jl ^Js. yS Jt aJjJL^I Ol—tljjJlj . ^ a—l J 

. Jit + ,:»l ^iJLj 4Jli ^jJa— Jl ^JLft 4-JLaJl il jitj JJI^_«Jt L<1 1 L^- 

ja 4_Jl>-j 4. . a. ’ > j 4. i . b t 0 jXi Ot JjV OL^Lj-I ^ jii— Jlj 

* 3jLp OjXj j-*JU JPjAZj* ^k- » t$l 0| . j^*VI iljltj J r *!^ XjVi OtJLJ? 

^ j->Vl jljU ^JJ 4iU»^L» t f jty J* l rr-r* $ *M» <rr*£> 

. '^\jij^j\ OL^LjL *aJl J-J ij <Lj jjjl jljilj ^tJa— Jl ^jpi JUu 

J! t-j^ 5 5 j-Hf* y i-f! ViAJJij t 4. g « . :H ^jk-JI J_j-Ufci-I J&-+4J 

jl Ot—iljjJ <L.«,;ilt yj^l £1 j_dJl ( jJLa t3 jjcJLJ j . JL.^ia k ja*> 



dn _ 
dt “ 



P 



(2 7t m k T)2 



(13) 



(1) 4Jal*il» OU.:.-j 



^ j» ) pJl aa^. & j-ju 

i-JL>j^-t CJLS" lij . (T) iaibill 5jl I ^ 5 jl»-I ^J t 4-jlJJl ^ -j y* 

0^9 Oi] t I I JL»>t ^3 1 ajJL^ ^ U y+£ 0 jXj 1 (S) 

liij . kli o jl?-Ij 4_j\j jSl I Sa^lj 3J .lfl» ^ -* ix^l 

SJb jiff a yJi y* kliAiJD L«-^* ^»lfr ^k->Jl 4 J t^JLII kjwaJl J : Li.l 01^ 

•jj3 'O' 10 L-i 

j— • ji (Stainless Steel) ia^aJLi ^jUil ajai-l ja L-] ^ yLJl Sj^-ri 
^ jVl y«— j l^-i iJlaJlj 5 j^JLl OljUJl ja \$ . tf .i k J j> j»*Jj t jh 

jif\ i-rbrjJl 3>p-*Vlj . XjjJL* °400 ^ Jl UiUJIj 1+jLa °25C JJ 

i_C- 4j — ~j 4«J 4JIJUI OljUJl ja L^^lJLtu OIXa^ jdiuJlj Ks^y^Jti 

. OiUll j ol^JLilLj 1—iLj il jil J^lkJD %j> Jit jjl 0 y iiL>J c 
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fi y £) y\ i3Ukj . im 'e Jp jJLJsJI J yMAtii OUxJall J.^,0 r .,-j 

JiiLdi obh_ja^j (Rotary Mechanical Pump) 5jl jjJI iJLjbLit oUuill 

* Ait Iplfje f ^isJ ^ r — *L» c^jj j! l*j Lu ^t (Diffusion Pumps) 

JLJUJ1 SjXill LfJ bt y J (Getter Pumps) oU .Ja,* j 

^ W U « : - < j . S^Vlj oljUM <jy*u If jlfft caJxJ jt jz*j\ 

jVw> ^ f ^i3 ^t (Ion Getter Pump) Jlj jj! ^Lsit oLn^> IJLa 

<JL>jc-A tJj* OU^Jait y y~\ £y ilL-fej . i>rLJl C/U y)fl ^Lla..^l j ijjliJl O Lojf 1 

f 

. (Titanium Sublimation Pumps) ill f oUulc a o ^jj 1 j>> 

• jjj 4 X 10 11 J~aj ^sJl Jpj L . ia I I oUfcJall y £^JI tjjh JL.ijj 

^LJL* iia-jl j_» cf pL^ 8 .. ^ »^l jl jtjjy^l jl jt jlf^- ^ jL^Jl Jsju^p ^Lajj 

LgjL* JsJujJl £t i)La j t (Pressure Gauge) JL* jaJl 

5 j^LTL* ^L-JL. j (Vacustat Gauege) £\yi J1 ^LJL* j ot ^ jjUt 

# 

. jjj «ir- j ^ _^f l laLJg.lt y ^s3 It jaJp ol y * ^illtj • (Mcleod Gauge) 

yjj( y\-i a ik— A jj lg-~>LJ yy 1 0 ^ 4jUJ J jy y£- J-Aj ^sJt Jp jjL-isJt lit 

. Jjjj j y\j jij y oJ U . ij^LTL* ^L - L* jt Jl 

i H (Pirani Gauge) ^I^-j ^L-a-* lf^» JaAJaJI y <J y*\ £y\ JLaj 

^LJL* j-ftj Oljjj Sjlc-j jjj 10 4 ^ jl ^sJt SjjUJl JpjiuiaJt ^.i ; 

i. 4^ jUJI OLjlj ^tJLk-^V ipt-J j>Lj dXLrf o jlflj* j--Ju <UUx JU-~ju i| 

; jJUL^Jl Xa jLL* ^3 j ^jcJt ^Ubj t dLLJI 0jtj^-l ^Ijul* i^Miyj it 

Jp j * .r,ll it y L»JLAj i ^ 4 jlidt Jaiujp ji t jUJl OLjOJ^- iJLt 

i jjl_p- w LaJ ^JLM (Ionization Gauge) jjlJt ^IJLc 4Jli Ijut X^JJ%d\ 

jUJt oLli Jr jjb ^ ^l—Ail 14 a j, *. - .*) j . jy 10 1! ^J] 

t^lj iiA-dl j# jLJ jl^fl^ SyrJA 

L*i . 4 _I_-jL_p-I otjL*Jb ,kJi SJ^jLiJt Lilli . 5 jJ ^L lt cAijjVI jLJ 

. 1.1. c ^-t j-lj a.,1.2^t oljUJL jt jjUj lo^Jli jjyS-W 

ryj JVwi- J* £i yisS I jLpr ^ y-T ^jJI JA jlAJt jt jUJI Jii iSy*uj 

^ y — • ^^Ip- j\ ^3j J*>b- ^ ji 4 jiff I Ifc-U J^=-io ^1 (Taps) j-jL-aJI jUj 
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• J j-a-A\ jL j-r J bjjr Jl (Mercury Cut - offs) LJLJJI J-*IjjL)I J jJ Jl 
LaUJ ciJj j (Grease Taps) Jwju j_-»La!I JL»:wI JaajLj 

J j-oJl jLp- J>b Jl o j~aJ j ^iLufidt j-»^5 J J-* * ' »j-*4 ^ 

dji J! 2jL>)L jl jaa^/I Jaw djj ^-Jj 
. J j-Lll jLg^- J>b Jl j-* *lj-JI V j-~d OL-^Vl ja J ^ — -i 

jjLuoJt Jl ■*wtAwl JL t- Lgw J»LAA^*ilj 1 > a L til J » yn ‘g 1 1 J, c- J y-a ^*1 a-*— ajj 
<, j-jLuaH jw U- jiTl l$Jl3 2LJLJJI J»aI JJI IaI . J JjJI 3j-$J J L ^- y i-LJI 
ja L&ljjt >_ . ; . »j j jl jAw»^l ■■* Jl j — -j JJl jj-J Jl jLau Jo_^ iJLjb jl *)lj 
jLaAAwl J^LL ja j-JjJU jUaJl j—jLJI ja JJULJI oLwLJLJI *Lit J5*LiAI 
Jl «.l^w jl^^M lj~*-^ Ifrj^ J i£ La 5-L-aIIj . (Traps) -lLaII 
Ja-» Jl jLi-JI Jjwsj £A«j oJ jJjl jLu ul J &J ^mS j d~JV LaiAi* 5^1 y 
j J aJI 5^ri J (Magnetic Valves) L-J>lJdl oIaL—aII JwjcaJ j . jl>^*)M 
jL^r £* jLLmoJI «Jla ^JvJ i Lla i w;ll J» JuJaII £Jw L$a il^» ^Jl 
. oIaUaJI J J jl^f l J iJIJdl OljUl iL| I ^ jJ OL-LUI * Jr) JJ J ybJ» 

aJLaamII ~jL li j j&j 

iJUl Lwlfl —H A^LJlbj LaLLL 5iL < j 9 ^LJL( jUi j t ^ u^ Luil ~ I 

j-a-ULI £- S^-SJl USLlAI j . aljl ^ lj~£ oL*T jlji-l LjJ ^~a* d-~ 

J«j cJI j-Ljlj »l jiwLTVi y» I ^ ^ J <l_LaJI 

tLJ J SiLfr (J j-«— Jil • ^Laaw^II jt jl jAA^ill OjL4 J L^JL»-«-awI 

J lil jl» -~..« j jjj . aJL oLLJ J jjLJL Ai.Ja.J iSj&ij J^LLJI 

jl j-»l J| i^l^*l j-t JJ Jij . (.JIjJJIj J-— i If Si I illj^ MLf J 

JL-wlf's/l yij)| dUij J JJI LJUx ftLjl (3^t—JLI J j^jj-L-jJl jLt ja jLj 

* 

d jJLil JamJI d •a) LLa-I iSjfyij J jaJL ^ai ^ JJI «.UI jLw a l a JL 

Jaw ja aj jaJI JL-_wlf *il I SJljl JL aJLaJI $JLa ju-I 3 J i JaL- j\L oli^L 

. J ^i^>H 

4 JL 4 J a^Js-JI o-l — LI JjSo j » Vt.litl ji 2UjJLil I ji 21a >2iV 1 - T 

L. ;...«■) j ^ jJa-JI 4JLA JJL* JL jl J aaVI dJlAu La jtj i S J--A-A il Jl 
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1 ja \ j 1$ 3J j*— iJV—SMj iW j-iiSfl jliij . JJLi 

itj^V I £*j 4>^} t ^ 

— - -*H LftjLj— aJl oL*-jd j* VLJj Ji3 i^l j*- ^Lrjd ^j 4_JX*ll j Xj jliJl 
j -lij . lg_i JLJIjJl ji Lg.JLg- o^ull oljUil ja j£H\ (jtfJUu 
i id jjLlI ojjJLJI 4j ^JU ji (Single Crystal) id jjio 5 jJL Jjlji Js- dULJl 
. OjjJLJt olfc Jil SdJL^I bjji J\ I JU> j\ j^y\ i yfclt La\ y> j£Uj IJbj 



jtj^M jfi l j-tV tijifiJ' gdo«JI j— i (Metal Films) - T 

jLJ j^L c$jJi dLLrf jJw dj . £LJl jUuJLJ uLi£sJlj j S IZjJbj 

ilXld j J^-IjLJI *bl ^ln ,4 ^jJLp £LJl jlA-JI ^ t — — L* ^yJb j*_S* 

(-183 °C) &*-*£' J-&- J (- 195 - 6 J5L- J rfrin ^ 

1 O' 4 (jJlj-?- 4^— * £JLj j-Jj i£ jii «-LL£ i)j£ju& t wb J>T JjL* tft ji 
ji jj_3 1 O’ 8 ) jaj&iiA JaJLjg ^ylt JLAJj . yu.-:,— 



dJLft jl -j. J 

iJUiJlO: 



It dULJl jflJUu j-» juVj- u > . j i tC Jlj ^ . gy i.yJI fLit ( Jil 
_»t_Jb frJ-Jl J-i dJJdj -illj ^ jiiJIj ol 2LJIJLJI oljUJl 

^Ljj iSjlt £w!s_ 4 j..ia »cJ i<i 4,1— j iijjJaJt 

. i jJbUaJl 4£^L— jJLfij Ol jil ^iV^jl slf\iA 



aj\ jJa-Jb 1 0 j£j *J| 4^-j-l* j— US' jJa^l jl tfjliJl J jJlj 

JjJl • jJcj IJL3 j t o^-i' £>\~+£j (Crystal Defects) JjjjJLJI ^ 

fjJLs *itJ O'^y 1 '*■*+* Ji^ J ^1 ^ JIT Uj . ijljJ-l orjd j ^>11 

J ^ Jl p£i dU3 ^1 ij \ irjd Jl e j^oJ. ^JLc- J ^1 

ti-jJft-JI 4J^L«4 J jJl jl Ojl J^\ Af-l-Jj . ij ^yi CfJj 

. (Sintering) jJLJI* j' j oJU j 



^ j^ju *« j u ^JomU i-jJa-ji o-L.ii ij yu oL^ijd c,jUg»? 

d)Ljbj . .tf ~ »y\ j\ jl 4, S i*s- )1 ^ -j L* jlxL* ij jjil dJUdj 

U jiTl j 1*4—1 J*J J iJUall dl ^JU 41^)1 3L^k-Jl o-l II db^y J > 

o-L- jUJl ijJLl £>t ^ . iL.U -1 0 I 3 UJU ,yuJJl jl 30^1 ^ U-^ 

«-~L^ ^=-» 3' >^*7' cr^' 3^' ^ ^ 4 ^ jJLm -4 ^Ifli 0 
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jkJb dUi JUu J^L3-I jUJl sjj . 2J»b ^ifa .«JI S-»-L— 

^LJ il jll ^k-Jl . ^Loia^I j! Xkjif ^ ^k-Jl JU^L^V Id-frff 

‘ (-195°C) j~rj>^ll JJL* oLls l^y ^ jl*> b l«^ t 4i^-L— • 

« 0 

ajlaj jjuJkl jUJI p*-*’ ii j-*-» t SiUI ^k— » ,jifc L-a—Ja Ijlj^l jUJ< ^Laj 

5j— ^k— Jl o-L«-w» cJLS* lil Oj^j jJI jLi’ J...» a :..- jj . £uk**JI <Ly-L . ^« <-j 

• Ob-L-JJ b Jb ^ jbSl OljUJl j J. it . w .-jj 

: jl^.^1 \~*£ yUl iilik* J jk JLaj 

t ji j— jbJl kfl-Jfl ^jABLJ ^jLj ^JLp JUjuuj i I ( i ) 

ja j\ 1 j_i^JLl jUJli ^kflll ^ub .>11 y iwJLc jUJl kfl ■> Ajljj ja jt 

. (Flow Systems) ul i^ll Juki! ^ kw-alt jJu 

3' j^l ^k-JI Ojj ^ j-asJI ^Li l$-J ij yu j t ^Luj^l <bkjjkaJI (lj) 

. 3 Sjlil ja yr ( 1 O’ 1 8 ) -» ykj Jjjl y J »- , * > ! ^Jjij 5 jU*i-»b 

^k — I J-ii' (_/>' jjH ol J— AJ ^Lj L^-J 1 % ».uU> J .dil (-^) 

^Li 4 — Jb j__aJl (3 jkJl JAJ . 4_Jb yJ t^JUl ly»f £• jlj^LA^l 

• b-b^JI (jifr SjAiJl ^Li jl Ajjl S jJjUI ^LJj ^b^£jl J—^sJl 

* JUlflib f jJLc» 4i 01 jb* JA jUU !L» jl^.^1 i— «-T ii y-A j^JJ 

. jlj^y ^k-* Jj J y * jJlj jbj-fl ^ dfjb-^/1 «.lj-r^l 
jl>JI oi JLS'LlI ja Jb^l J b^J*Ab J kjLJxll J-Aj iTiXi 31 3 ^*^ 

JuiJU&l ftl j-jj-Vl 0 Ujlxj . jl>i»^n jbfjr OljJbr ^ CtfbAi*! jt Ijlj^l 
oL-.-jVl J^jb 4J yu< jj JUfr Jb^( db^l 2 Jj\jLia AjjI oU^jJb 

. (Thermomlecular flom Effect) I ji-l 



bbi ^jJLj dJULj jl kj j_Jj J-SLi ^jJLc. ^kx* Oj^j LavL ^ j 

1 jL^f I ^ OljJ^ll J j-flj- v^J ^ • jljajiJM i-^S" iij-jtl iiijbu 

^s-^“ jl >^1 (*^ bjl j^- is* y Jl tyr\JLA dU—Jl ji kj j-iJl 

.lflA.Jfl.il jl jJl j ■ A*.ll ilJLX ^Ujj i duU OJ^uJlt bjUtlt Ob-lJ j^l 

iij ^kJb 31 3i*^|l l^S jjlij J . 3bffl y i yy* yyy ^ 
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<J* 3 ^^ M Jajbu tf-Ul jjM ^ U jUU ^L—Jb dUij t i^^LyoJl 

0 0 

jl— H JjLa-C LjIJ I ^ jJal 0 * JuLli L jjci 2 jj-jJ 

5 jLLzj*i\ l~+£ c— *Ls 3 »k-*u jUJi (MEan Free Path ) j-J-\ 



d (pv) 
dt 



: JIT Uj . iS jA-SJl ^ JftA-jaJl Jji y»yll 

f(Pl*P 2 ) (14) 



j* jtJdl J-tf- P2 J iJ* J>*L* JbA-JaJt Pj 

. ibUil • JU ^ U&l i-^T ^ J-«u^ j . ^ yJ*f I 



< £UdSVb4Gi!^jjlJI«yi 

^ >UJl ^ JLJjVl iJb- ^1 ^JL^JI j» j^)M j-iiy 

oJ — S'! J^-LiJ ^jtyl ib- jll j~«j jX— Jl jli gJa** jjJLfr y-^w^jSU 

^k-i JU^Jl jlji^yi * 1 > jJLr cJU ^ OJU^Sfl 4 JU» jt ij 1 j£-Jl jJLs 

jJLoJt gJa-*> j-j JUiil b>y*£ ^l^yi . jJLill 

yJU Li}>r * ^ jUiiVl IJU ol jjj I £k-JI J* 3 »>^y» ^ by ^JLII jUJI j 

. 3 UJI olji ji Jj jJLflJt j* ob jyJ^yi Jtfiil «Ul bt . JL^V» 

t jJLcJi jJl- ,jJU (Dipoles) UuUl kJbi J5lk ob yL&y» JULbl ^ 
3^1 y’yb LJUi £-— *> yJ . jJLJl ojlaJI lf£f? ji 5JL-< aLJjiJI iisO 0 jXjj 

: ^3 UT M jJLoJI £«Ja~> Jlp L5L*-T x 2 Jb 5jJdl 3 U 



x 2 +2M 



X X 

I I 

M — M 




x' X* 

I I 

M + — M + 



(V) 



*if pj ( \ ) 5 ykuM ^3 M jJLoJt g^k-> ^JLft L-jL* .‘T Ijl yj»l ^jbu X 2 JLijJjMj 

OU j j_a£jy I JLajJ! iLTujj ( Km > ) ^ U-S* cJaiii <LJLlj 0 «1)1 vkJb 

Loj^j I Jut k ywJ JJL»b- x jt JfiLy^bj . djz^JLi otjJJt JJ jJLoJI 

jL La J jJJI JLj jiJI ijjJLiJl o^JUl 3 L jt 4;n..t.ll ji" yj 

^ # 

yJL-ii jj j £ J M jJLoJI ^lc- lJL x ajJIj .a* Ljk^T l3ty-*t CJb x 2 

xy JJj* i 5j3JI iLJLj i-jLjy^l J j£j Ji j . ^Ja II Js- yJaill i_JLj 

• y~lb- L yL-a- r ^Jl J- »*..L > 4 jJaPj 




-m- 

k y‘ 

l + l + 

a) xy + 2 M M + M + 

y + 

I 

x' 

I 

b) xy + 2 M ^ M 



d i£jLj (a) aJU-i ur 0 W Ijl^J ^ibu ^J1 xy at £->» j 

•tfj • y ^ y-% X ^ JjVl £>J 1 J-dL* . UaiJl l^LS jStidl ^ ^ji JJ 

Ojl jA>l 5jlj^- 0 j£j L*JLi£ ^1 £jJ 1 jbilU tfyit ^J^-AjJl d^t bL-Jjl Oj^J 
5jl j* ^ IJLa Ji* £jXj%j Ujla j . ^ildt £jjl j 1 jaj»I 3jlj*ij L^L-i 4 

^ jit bUjb jLi ^yjl U-jjJl O^i c jM\ ^h-v bUj*tfl 5 jj J JUUj jl y^/l 
. L$JL*-» J^j cA*—bt bLJjL jL*. *.j ij JJt £jjl 5j-?.«i\l jJliaJI A^-ljl ,jl£ J-*-a3 

HCI O.UjLj ,yLiG d--^- t JUJL^-I g^k-t ^Js> HC1 jlj-i-»^{ dUi ^-->jJ 
Uj . Jb.L^-1 ^la.. j ^JLp Cl j H + jjJlii 0 j^jj dL&bJl} Uj-»^.a> L3l. j », Jf 
bLJj^J i£ jil J---» jjJL^JU OL# jll Lf J-Tt jjiXJI jljA>! Sjl CJLT 

jJa-JI (J Aa 5j-i^ll j-jtjjX ■ $1 1 Olji J>^31 Olji ^b— Jl* 

j» — It 1 jub o*»j}l JaU: J-UiLi . L*JL** J*^lj 

(yuju-JI Ja cJ ji) F aj xi, JbjtS Jl** lL*j . jl jsSjS »jl ^ ^ 

JL£I IJLa OJLd ciijrfj c y-bA.il iJLd jSlioJI j*j£j y.,.-j ^UJl gk*» 

: Otd-~>*t (jivA^JLj)X jlj^y U-b dJU--»j(cJjA]L{) v ^k-JI JL$* 
F = v/x (15) 



i x 4*_i c-li UIS* F l«J ibj; v iuJ o j_d jua *it aWj*JI aJu ^ b^-^j 
^U*_£jl jlj^y U-b dL— 0 j£* L.Jaa Uj-Ld 0 j£* ^Uj-^11 JL£I ot 
^ ^JU j-j^Jl l*U Ji* jjil948 bj^j \jij*SS 011UJ1 'jdjs Jij . S-Ji 

. jAUiU i-jVJl b-ddl JiVb JJLiJ Js. J^a* Jl^l IJu Jd. Ot lil . oljJUUl iJuS\ 

. JUillJU Ji*)yrj4 j^tlAj^j je-4 J^UJl C)tj 

^ yJ ^Ua-£J 1 jl jz*f\ ^ cj jjl J*UJ1 (Incorporation) ^Uju*5(1{ x~ali 
jl yj-i dj-^l ^ jV* ^L»dil OJ . jl ja*y £U ii-b ^ jiTt 

JbJL^-1 JL~. — S' jf AjS- JbJL^l ^b-< ^La jy!»— i’j^ U o . « C Jl 
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^L-*-<Jl I . ^L-*-£jl LLJ» a—» Jla 03 * 

JJ J gk-JI J\ 3 I ^)ll ii> j*. 3UjJU5» ob jUbl 
4 JLJ 0 jlijf J>b ^l jUJI JlLbl ja Jil Jlkjj Li&jl £»JL»u *lij . jUJl 

JLL^I j jL-i_=jl OLT UUj i OU I ^ L *y+s- Ob j-Jl£Jl . 3 I j-i^)|l 

jlj-l^Vb Ajb c ^Vb A Iff fl , *J l oJU j . C «jj . ob j-jSn Ob 

jL&)\ y*j J- f&l J-i l^kij . J^-J 1 jli js*^-S jSU 

j-**— S' jVl ii-t J ^L-«-£J1 3 <^i ^ui V 3 UJI IJU JaU5 OU 

JiLJI J-. — S' / jj j£i J oJ-ijj ■■ < J^U-sJI Oi J* 1 jiftJI jJo-» 5 ji-JI 

f J-r s &l 0.7 j-jb Ni 2 + j£-Jl Ojit j£* Juaj d\S \±J . JlU «/* dU-^ 

j£_Jl ob^JlS* jLi^l IJLJ f jy-~4\ 1 .4 ^-jb O ' 2 j~*~S /VI JLoi j 

• X. — S' jVl Oli JlLbl j jLijJi ja J^— «t jX;Jl JL-nSjV l£j>U' jO 

Je J*z U — S' /f I Jtifl— J) A~~S jV' iiffc ja Ob jA O J— -5 J 

aJUaJV! . >UJI bj j+^\ J* J jjH\ JlUVI IJU *>-*— S' /VI 3 UJ 

1 j£-Jl Ob j-jLS' jLi^jl jV-> ^ Lfil jrUXil Jjjb <L_-jJb 

jX- Jl J-. — S' j\ J^~$J * ■ ; «; , 1 a, ll £lljll jj jASL^j <bj£ait j gP^Sj*i\ Objjl Olj 
^yJI 4, 3 Iff ;ll ^1 S j-^Vl jA J~aJ Objj^SJl ^LtOJ^fl S-JU-fr ^.JJcsJj . (^jjJLJt 
jX-Jl -L^-^jS jj ^5 J.». - », t . l l jtUjjVI J>1 Oil qOI jJIj . J^bLJI l^i ^ j*j 

^JJl -H ^1 x . .^ S 'jVlj jJLqJI J>b ja Cfbj^jy\ j ob j^Jl^Jl JJb eJlig^ 

X~Lj J , J f fl^ S JfijAA il A-mmS jVl ^la— i i t^4Jl J^-U-Jl 4^J pSj 

. >ulji i*j~j Sjjiii ^uajvij 3 i ^i i-r ^ 
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» Surface Tension ^^tguutl JLlJl 
OLi ( ^ ) J^-iJl ^ U-T iijjJI ®j 1^.^ Ot’jJU frU| frUlUS* JJL-» L* Jrf 

*L*jfl o'j-Lr jp j oxk-i oJL j juJij JJI II JJLa oil jJ' JJL-JI i-~j yr 

j-*j o1j>o3 I OL^jM ^ JJL-JI OU-JLj j_*u 2k L*-* 5iLt J 

^ j*A\ JJL-JI ^Ja-j ^jJLc- i«il jJI i-JLjj^-l Ui . JbjL-i* Sjj-oj 1$j 2 k..£ l OLlJ j^-l 
U Jk-»tylj j-JLH L$j ik-^l JJL-JI oL^jjjt J-S j* 

, pi — II jLu OL JU j! ^ jJLallj . Igj p <U3l pi JJI II jlitJ OL-JUJ^- yii 

j>* 2Ja— £1 JJI—Jl oL-jljj_>- Jit JjjJLI ^ JJL-JI ^k-* Jjj oJlpi 

JJI—Jl oLjljjj- oJL^- 2JLo»i* J j^j ( j-l—»Vl IJL* . Ji— »Slj 

*. LJjJxJU jlkJI OUujjf <— >Jbf <l.A-n^ jjTt ^k-Jt ^Js> oil jJI JJL-JI 

J>ljJI ubw. Si\ ^31 J— <*j JJL-JI gik-t «JL* )JLH wji 

oLc-Liij JJL-JI ol j!l j j U laj . <L^*L— * j-k-»P ^1 ^ ^ ii. J I ^Jj 

. U p»-pl 2 , -nln .-H o-L-il 0 ^sJ ti— ^ c Jj jj£ Jl£— »L jUJI 

^ ^ -II O-l — 0 j3j JUJj JUjt lijj 



g^op ° 00 
O 0^> X o000 oo 
o Ox\ u ^o o oo 

O A^l/ nnnn 



JiiLJI J>h liuLl 



^1 J— j-l Jfi j— iJ Jj — i JJ-! J* JuY 4jl_i 
Jl JJLJI J5L* J>b ^ JJLJI.ol*^ 
ijj LtjLL> £jj> tiJJi (jlt t— J j-sj L»j g^k-Jt 
S^Lj) fj^AJI Jju— iJlj . 2— -l>ljJI «— » J— ^-l 

| ^cJb i_>-L-JLI oJ-yj pJLA£ ^.la.M-ll o-l • 

LilkJI jt (Surface Energy) ^k-Jl £Jlk» 
. (Surface Free Engergy) ^k-JJ 5 j-J-l 
1 J\ ^ 12 t i l JJL-» ^k-. J--» o' L— -»- 



o j-J-l oLkJLl 

djlj^* o-jij C-iJ k«-> Ju_& ^Jl i-JLfll-Jl 4JL0 JI aJUi oi il C ^Jau-JJ 

, 5 jJ-l SilkJt ji 3iU Oj^J 



J ' _pO gtJa— Jl J—» V-——J yyj J-i iiL- J jX> JJL- ^k-» jtj 

^Ja—JI ^^JLc- Jbu t^l 3IJL0I ^kj djJi*- lili . i^L» jJutft ,^31 JitL»-^JMIj 
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5 ji Jl 9 1a i Ua iJLa-a-dl t\jf ? tyl dJL»A Jjf ? j*9ji h jl— 3 ^jJLu»j 

•LdJl jt*4J Jl JLdJb J jJaJl 5d*-jJ 3.... JU 3 jiJI ddA ^dJUj . ^iaflll J jl* 

^k-i ilOi^l ^ 3 ^ijil 3 jiJI 4jl» *J yuj y y* yl» (Surface Tension) 

4jd j~JUJ £lisu*jl iiU» OlJU ”J ( j~lij JLLUj . Jbu A^JlS Xjj\jj 

• £j^l i J* J>K 

IfrU is- oLT jJ Ui" dJUL-^ 4 ili ^JU JJL* ^Jsu«J ^liJUi J-^JJ I jJajj 

0 0 

J jiS\ ji jd*u jl W'J’u Iddj . ^iaJlj ^JL*dU Vjli LJalk* 

5ibj_j 5aLd ab jj ^5 JLdJli . |a f]9lkll »L-dJjlj JjL-< gbJeu* j~t jJl 

dp IJu 3JUJ . lib 4 IjlJLLt Jl±J\ d & Ui* i K, WU_-ll a- *.1 — .• 

^k-JI ^UUl ^ ULU /3 US' ^ JJLJ U*-k.JI o-UJl 

4 Uli IjIjlaji ^klk* tLdd j^aJLaj did oLj^^J -1 *xs> jL-i t j->‘ «. J^ldll j^w 

add jJu«aJ ij i oUuj^H J-Ajij ^Jl Olil—Il yLiA ^ ^jdJLJLJl Olj 

. joihi l ijUd £. otfUil 

Jl ^ J^l jl *Uj ^ JjL- did ^ k-Jl -LdJl >y?) ^ 

jud Jojuiajl j* jS\ (Concave Side) 3 yult ^ld kJLJJ kiUxJl Jj£j 

yjll JoJLJaJI 3 jl4 bj Y) dAdUi 0 Yj ^k-JJ (Convex Side) i*d_£l 

# # 

jjJLi ^A jJ'u—Jl £bk*l JLid .it JLdJl 5 jj CM J 4 l.jyA A tJL^ 3 jjcill 3-^-1 

d\ J0\ Jiib j! JJUJI J>b jXdJI 3L tjjS jld idlii . ^k-Jl did Ojl >JI 

d\ S’ bU • ( T ) J^dJl ji j-juaj ^Jj ^L>- <j y. aJo^I jj d.wlal dl 4dUdJl 

jj-aJl JUujjV J^. i)Ud b jiL-i 4^ j^l 3dU_ill J>-b kidxJl 5ibj Jdu A P 
jj A P k».. j a II Sibj UjJi Jt jl—J | ^dt F 3jd( ^d LthAdVAdfl j j .iff*; jd 

; 4 S_dJI >i JLai rjl^e^ IC r 2 i J'Jjl Sj-Uj 

F = (A P) (it r 2 ) (1) 

^ ld ,/^JJil Y ^wkJl JLdJl Ikrttl y 3jjjt add dj\y£j 
3 ^Jl ^jLaj yJd c^dJI j 2 ft r 3 ^JldJI lu»w» dtds^l 

P = (Y) ( 2 Jt r) (2) :Oj^^cUa 

:oi ^‘ oi ^' ^ ^ *» «»j« 
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AP = 2y/r (3) 

J 8 j$£\ j UUUJI Ji-b 1 «LaJ» 8il<3 j-hw JLftUJI #JU j 

jl i ‘U'ULaJI jJol L.,.^ w.^la u » lnw Jail i5 jJ i)$ j i 8 yJLlt 

8 y Ue SJLJL^-t ajla JJjuj . 8 j--i— cJl oUfrliLiJt J>b 1 Jjt t j^JS J^£o JawJaU j-8 

£>ju* yJi (Eumping) SjujusJI c>bj-jJl j (Super Heating) JjUM 
ja jJu Ijuj- 8 jmy*~p C/l£\JLft &j£sj 3) . JLJLaJI y«— 11 ^pL-JI J^b 

If Ij L# r 1 ^-—T OU-LL&Jt oJu» Jju ^j£sJ ^j^JI JoaJoJI t f 

^cj jjj U-T . JJL-JI J>b oLT ob j-JaJl tl* j 
jJ-l ^Jj JJL-JU ^jUJI iliji ^ X^UJl ogUJJ Jury J> JdbJl 8jl J*> 
y ol^UuJt Ujupj . tJL*r 8^ ji .all olfcliiJt J LfrLj <^JLM 

^ jJc—>» C>JUr j bjj . C>L«JLuaJt j w>L ^-bJl <U£ n iy. ; 1 jl y*.JL) yb^-f £JL£ 
bU* JbrjjJ JJbJl jL^t JJ oUUiJI y Jb. oaL-J JJbJl J>b LJb- 
ObycJl ^bJb JJsjj oLc-LiLflJl J^-b JaJLjaJI J^J diJjLI La- 3 JJLj t J^M ■ * 

. J3LJ1 J>b LLudt 

JJL^j (3) J^-iJb JU b is-/lib yda-Jt «b-AJ «Jbyu y 1 

0 

*bb£ Ojji y yJ — ij i ^r-^* J-^-b c-3 y klb— ' y 'jUol 

J>b 4jj— fl-^l JJL-JI «Li. ,W jf tULw J I JU JLtt-il JbjVJI 8 yUl jt . i) ^»LaJ 1 y 
J jieJl c>Li frULjJJ j-jJa— » jJ ^JajJbj . 1 *Lii3 

: ■bJU.tU JujVJl f 8 ylt d j£jj t 21 
f = Y(21) (4) 



J\ J**j • (Surface Tension) j-tJb y u^UsJt c^O 

X,jJ JtjiJ ^Sl\ Jb yu J r jVJI Jjui» J . J^kJI 8 JU-J 4J JLp 8^311 8 yJI 

1 2 1 dx *l£JtJt i>-L— # y 0 2 1 Y dx t fdx j-h dx 4 JLm^ tliJdl 

2 I ydx _ XSJI O^U* ^Uj 

y 2 1 dx 

S-Lr- jJ iiJUfiJl 8JV-b t y< fe...Ji JLJLlI bb^ju 4 ^^aJI 0JLA ja i j£+jj 
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i Capillarity 2b^A^t3Uta1jfcl( 

i o OljJLr y* j o!JL4^! J j *. A Aj ^ ji ^ JJL» OLsj j*- J-£ 

^3 ^il &UJ A. r ^Jb JIM jA L5" OIjJLM Lj jjiJI oLijjjJJ a p ->, :lb L— —> 

OIjJLM y A-J s— VI ^1a .j AaJIjJI JJt-Jl jl . Ajjji-i Ajj-jl 

t-JLM lg_; aIb j^l JJL-JI LgjIJb&l ^ jJLfl JIjJLM jaxj o.A.^cJ 



cJ djli ^Ja— Jl i —J I JjUj jaLLJI ^3| J— *j JJL-JI ^la-* olS* Lij . JjLjVIj 

<L j_jS|I OljJUr y- aJL-a-Jl ^Ja II oUjjjjr i Js> IJm jLaajI IJla 

OL-JIj wilJL^y j Jj-ljJi j-9xj JJL-JI ^h,.j OLijJj* <— <tlJUr^/ AJpLgjjj . Aj yJj\ 
f.\jj*j\ J-A-i -i_^L JJL-Jl ^b . j jli Aj VI JljJU* y»u Jlj«l^l y A_J jA Jl ^b, . Jl 
^Jjuj L»Jutf-j . JJL— Jl jLu ^b .Jl l ^*y i £^tjM j^*J JJLJI ^.b-* jaA s jj 

* L -i jLs 3j jjujJI Ajj«jSfl OljjUf jJjJI aJL- L +£ JJL-JI 



t-L^rJl £jj Olj IJa • AjLiy JJL-JI Jj— (ji^Vl <— » JJL-JI 

jjnJ £ub-JI OLjJj jjr J-J» 4^0-* (ji* j JJL-JI A „ w, « Jt> ^ JJL-JI ^Jo-- 
jjxi JJL-JI OL-Jjjjf* J—> Jjjfj JL£j . JJL-JI (jlfr ijy&%4 t^JJI Ajj-J^I JljJ-r 
^p*j ^Jo-Jl j*aj dj£jj t ^IjlLI (Wet) JJLj ajU JJjup JJLJJ jULi Jj^fl OljJbj- 



jlj-Lr y+j JJL-JI J^» ^IXnJI j '.'~j j . ^b .-U t> ^»*VJl «.! j-$JIj jLb-Jl 

JJ J--£ JJL-Jl ^Ja—t (JljxL^I s-*J» yj J^JL J JJL-JI SjJLJ ^Jl fL^fl 

^ s-J-aJI jJa-j j JJL-JI j** ijya^\ ijjl ^Jl X4j t ( t ) j£jJ1 ^ U-5* LO-^-* 
Jlj J* JJLJI JJLj ^ Aijl—Jl iJU-l J a^jljJt ot J 90* y jf\ JIM «Jla 

.90° ^ Jit *L^|l 




(Ojsa 



jJfii (JLfiJ dj£jj ( l ; '. 9% .iA & j£j £uisL— J! C)li iS j-*-i «— > J-jt ^ JjL-» 111 

«L£j . frL*J^M (A P) JajiJiJt jji <3 j* i-i-i IJL* . t j-Jup 

. frills’ i-» JJL j t^JUl JjL> 4j jJulJl 5jj-jSl «l>i jj^OJ 

^Jo-Jl tr - vL-*- J*%j 1 j* JL. 4,fjJuiJl hj ~ ifjM frill ^Ja-» £ 

. (d) J^I^UTfrUI 









s / 


T" 


• 






• 

X 


1 

h 

1 


r 11 i 




0 

x' 


mm 



B A 

3b ^»i*J l 3.j (0) ^jSJSt 

J U Jit ( A JXjJI ) 5 jdL. gfcuJI C-* inil^Jl X iiali ±s> luUaJl 0 j£j 

jJai uLoJ a d-_*- 2 Y / a jIjlSt dUi j 5j.iL. j^uJI Jy ^l frill jUj frLfci 

Ciii ^Ja-Jl j j£j d-j- y ilaii di£ Li . J1L-JU -LiJI Y j frL^J^/l 

» 

*li£ JaALaJl ^ (3 j* <ilL* 0 .«,t I j--5" frL^ij^l jJoi «JLaJ i jXj j 

d X Jjj jUuJt frLaJ ^ J e AJaJI OLT Uj . frli^l ^ jil JjLJI 
jj^j ji AjY y JL£ JJI M £k*> lajLflJl d\ jlj y <3jj JaxJaJU L^-rLi-- 
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faJLAl) jj* jJ* I y JLP la*.JaJl 0 J isjujSjj . 2 y / a jljUu? X J UP Jaw.JaJl ^r j«Sl 
L».UP . Aj j-W.-tJl L j— J^l JJU £®JLj JJL— Jl oyi X X 1 P 

. ^ JJL-JI ^Ja— » i}ji h JLp <j jaJJI <— / Jk JJL—JI ^Jo—* 

. x v <3jj JJL-JI a j-*p 4-- I y JLP Jaw-feU \\ »l .Lr x' .UP .kL-aJI 0 

L-oLLl aJL*p g jLpp^ hgd jji h JJI— Jl d j*a) ^XjL-r jjJL^JI JmJbJIj 
^JLJIj y j x ^-j k<>.jflJI (3 4 j j ju^J I JorJoJI Uuij . iiL^JI d j 
hgd = 2 y /a (5) : jl t 2 y/a 

7=2 hgda (6) Oij 

^ jji-lJI »— >j— iSlI . t ) jJal c AA’ j JJl—Jl ^Jo— i j.L*«Jj (a) jJaJ u>.a > Ja-J jij 
a/r = cos 0 (7) : 

Ob' b^i ( t ) j£-iJI ^ lg-J| jLiil (Contact Angle) ^UJI Ljlj 0 £-_*• 
^UJI Ljlj £—aJ t IjS iJuLt JJL-JI gJo-4 

(6) aJaLrII 0 jXj Ubj i cos 0=1 O^i UJj i Lj j3& I jJ-p ^LfjJlj JJL-JI ( y T i 
y = lhgdr (8) : JiW 

. Aj jR-iJl t-— jLVi j^Vl JJI j— Jl J 0 **.} £Li3jl ^JLp ibbil aJU ijJajJj 

bj£j L g^b -i Oli i-jrLrjJl L j . w-t .Jl Lj—iVl OIjJ-* JJLJ *i ^1 JJIj— Jl j 

j—Tt 5 j-i» l — r <y>J^«-dl c~^ JJL—JI .Ww ..‘all 0 t ^JLpVI j-<*J Ljl?*-» 
JJLJI ^ — • J-* Jit J] JjjJI Jj JJIj-Jl «*U JJL* y . — » J--HJ • V-L^-sJl 
J^^Jp j. .fc:U Abb JU (8) aJ^LrII j . (5) JJLiJI^( B aJU-I )-u Ja-il 
^ j: —w ^UrOI jIjlLi jp JJ-up h j~^ij • L jju.tJi — jUyi JJI j— Jl dJLft Jjl» 

JjJI ^-rLj . 4-li^l ^ AJ JJL-JI ^ JP . jpLjjtJJlLj-iVl^iJJLJI 

» . * * • 
aXfcj t L jrJJI v-jL'jfl ^ JJI _^-Jl Jj jij i jjw» IjjL Ijji ^^axIb— J l 

'jjLU aj jRjj L j_ji JJL-» i yue a.J.o.p f j A i-J j Capillarity LjrJLJI a-^LLI 

L jR^tJI Ajj«jV| ^ (h) JJL-JI }y*£> ^Lftjjl ^jjLL . JJL-JJ ^mJcl—JI JLtJl 

iiLT c-3 jP j (r) ijjR-iJI Lj— iS(l jJaJ ulm . J «-3 jP b^i . ^J] JJLJI ^ 

. (5) a^LJI ^Ijl^L JJLJJ Jl JL5JI iL^I UJXP O^i (d) JJL-JI 
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ji JJL-* LjLiLa 4jU (8) JJiLaAi ^ r jjJJti Jp j-*Jj 

»-Li Oj-£j tXr*^ ^y-d-j j>TJjL-< 

L»-jJU <UJli-S*j h j-Jb Y ^*vSa— Jl flJLi £b>uj al jil JJUmJI £li3jl OUT 13^5 . U jJbca 

hd* _ :d$d^i^ij\jr 



JL= 

Yo 






( 9 ) 



• JLi JJL, ^JJI J 8^1 ^1 O!-^ ^ JUA ^LJUI JJL— Jt ULiT d Q d. 

• h 0 >* trAi ^ Y 0 



J> ^yJU- bi y*S- b j-jl bl£j JJLa ^a S jJai (iTl) LLlT ^.LaU— J j 

y^y^k-JI JLiJI £a t-— .L j m 3JL&I ot 3J . JJI L) ^*fa,.Jl jjJ» jjJub ^i S^Uai 

HjS 0 jlijj . (Drop Weight Method) 5 jkil\ Oj j bb jku a JU ^oj j . JjL-JJ 
(;n 2 ) ^LJ JjL-> ja Ijki Va&i y : *d-i al jil (m,) JJ'- — i 3>i 

: 1 { jmij jl iP Y? aJ-i Jyu <^jJI 

Yi rn, 

-!d-= — L (10) 

Y 2 m 2 

o jjl* iiUs-a^i oi£-^b b^i ji frUir C-isJ 4>w jlsi n j^\ oir i3U 

*j j~a-a j* dJU3 j i j-*~\ J-JL-J ..ll JLJjl £l»uj ji 4j> 3 jJai 21s£jj ..11 

. JJLJi l-U^S jteiLS 

* 

J* yk>j\ jJUJI J-JJ . bjl y J^\jS £a la yj, JjL-J JLiJi JJb 

^ j a^lj-J-l (Molar Surface Energy) b,Y jll J* bili> j-y ibL»J1 

t>' ) j*>»— ^ " (»-">*»"' J— H V w«-s UjJ . ejJpUiii « jisJ 4< yip 

(Molar Volume) c$/5l M v ^3J M j ( AsitiS" »-> jJLia 

t Mv jtjlcll ^a 3 j£j\ i>-L^a 0^3 bjj^ JjL-JI j*££t 1315 . 

^k-Jl Lilfc J* yyu JJ1 — U Y^^iJI JLiJU oJUb jil < T *h.J\ o-LJll 

^a Ua> ^.JcJ 4 m«^J 1 a<bb Old Botvos l^l~ ...alj . y (Mv)^ 3 JJ1 U ^11 

: 4 J 5 UII jij 1 3jl jl - 1 Lrji 

Y (Mv)^ 3 = a - kt 



(H) 
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irji Ait J* I(Uj a uj jJJbj . b jiil 5jl ^1 bpja t j j-xjU k ja d*-^- 
ddJt ^ , . 4 ; ^-dit OjIauj JJL* j-j J-aUJI Jo— Jl UJb£ t c b*- J-l 5 j lj-^t 

: J Ui” 4 jjI A^- jOJl oJUb J S j->Vl AtobJI a3j t jjLaJI bjl — a ^^tUx— J t 

o = a - kt c 

a = kt c (12) i OT j 



7 (Mv) 2/3 = k (t - 1) 



: JUt jSLdll J! (1 1) AbUil J y*j dJJJbj 
( 13 ) 

% 

^ I I AUi^l 2jLLwdJ LLjS^I 

(Stearic Acid) db^.— Jl jaJL^ ja *b-Jj jl L li[ 

j -- ~ ; j • ftAiJ J *U1 Lr 4 " A 9<+- f J! -lS CH 3 (CH^)^ COOH 

AmJak :.l L-iLT dl-jail ^jAaU-I jlaJL* jLT litj 1 (.lit Ja-«> Ja ^^saLM 

j a (J—Jj j-t—i-Aj Jbj«_a a< (.lit Ja— » j^i 1 ALaLT 5jj — aj (.Ut Jxa 

V-r-H Ja-Jt ^Ja bol jit (lit OLij J saU-I Aa ja^ia . db j~*JI 

J 4-Jjjji* jj-L—gJI A1 — 1 — It L»i . (Ut A-jlj jr j Aaja^I j-j Jb j~$£Jl <_ot_*Ut 
Ja — j Jx-£l (tj-gJt J AaJUa JLJj £jLbl i?cj L$il3 dbj— — Jl Ja*)*’ b-b j-^ 
diUt^Jt Jj£j d*Au t (Ut Jxa jjj db j -I— It ^SaI^ OL-JJ jj»" ^ ft 7 ;7 IJL^aj 
A . .,'a *Lbt ^aL^I Ja_j jj lc~t (Ut Jxa ja 5jLju ^Lbt j9%j A^jjiaa bi jj J’ jj.dgJt 
ja^lr- d>Ldj jjf ja Afl.talt aJu Jd* . Ja— Jl JA bj Jit jl bdljJl (Ut Ot_JLjj^u 

jLij (Surface Film) Ja—Jt Jj jf ^k-Jt (Lbb (Ut Ja-A Ja AJ Jl db^y—Ji 
jj AJLLij Ab jk AJjj jS jj-LJfc J— *^A — 1 JLfr ^sit bj— a_*Jl JflL^A-'ifl 

bJ jj j^'jjJL-.gJI «U — J — Jl oi Jt jjtj . (Ut J OLjjJlU AbLoJt Ja— Jl A ~-t^t 

^^aJt b^ -ia.A It jb»-^-*i/t La I . (Ut J J_»Lbl Ob>ji < J r *J 
a J Jilt dJlisi ’if l$iLi tjjj t (Ut J jji 5jU L$Al3 ij-+cJ bijj J' jj J-a J— >*b-» 

Ji Jl Oli U j . (Ut J ObjJUJ ibfliit ^ Jx-Jt bjAit j jj£j JU 
Js— Jt A-JLxJ dJUx£ dUj 0 j£j jl JJi Ja— Jl b JL.fr 1 jt—a^'ifl Lj- : lfr 

yUt J Jt-Jl b-dil jj j£j a jjblfc ja ojli^ft jX*jj . (Surface Activity) 

. Ja— Jl bJUb jtai ,yJl bUai:l jIjaJLJ bd>l ibu^t Jfr 




-m- 



iS* J>~ J frill -xb-J ^ t j Jo^x*- Ol—UJJT j9- Ia£a J 

'*^5 - 

b>-l — • . frULAil l Jut < ^^U-l oL-jL>j-«r aabjj t ^vla— Jl t-LJJ-c- 

JU- ^b— Jl frbJUC- b*-l * »U— «j J-^b- {j* * Ijj _ --- H ^jA OJL^I j}\ i-JOJjbl 

jJs — M tbJLJ b?- I — w» j-tijj . frLtjJl ^ tlb^j : -»JI < jja^»L»‘ oLajJjt £JL£ 

j?r lb I j-j I j>'l*w;V ! I t ^^>-1 Olib- Sd jll ObjujAjJb bbu-^b 

U| tjjJJJ wb ^ ... : . — I' OL-ljjjr ^Afr l»i . iS" J jUII J^-Iblj CjliJI 

. w*U.LxJl Sjljj*- 2*-^ ^ 4£*l±T j Jfcwlbl 1 * 9 * 0 - ji Jjj ^v* 

I lilf . lIX'j >* « »iJI ^ »■ j^* uLjo^ ^lfr ^JqmJI frlwA JaksJLj 
J j* j*>o- liflC^o Jl OluUj^ jil£*jJl iAfr- (^JUt Jl 

: i Jl JaA* JjI—> j* 

& N r** 



V 330 



284 

0.85 



M 

d 



^i-LM iiUT d j dL --JI jo* lb (284; ur -.lydt I JjjJl M jl~*b 
4>* 5Jo»lj b-u^ur -!-*?-»" «Jli lbCj»j . baLi^l Sjl jbl ^ 3 j» —»/{*-*■ 0.85 

_M_ . _L = 550 A 2 
d N 

Sji ( 1 7) w rU iLb^-u-Jt ^b- b-U JJT ^ bJ y.jS Jjj-fll il — I — II (J 
J jip jli i {j j~— Cil 1 .25 ijA*- ^ ib-JL-JI 8ji ^ki c>i Joy*! lijj by. £ 

(17) (1.25) = 21 A : 



"*'J. j+jLijj s j* U? j-s- j Sz (- COOH) iU j ^jy ol 

- : «lb jU^Jt ^yajib" j«> jaII ^kiil <b-L~* Jl3 

-”2_- Of A 2 
21 

bjiJI ibu*i|lj bilbsJl j ^*1 jjJl f“l bj^Jl ijiS- bjLjl! A JUk i^jb^bl b«_ r iJlj 

. ^Tilc -Ji jlj-y* <aj jiaj l. J l o . c- b*> jAimJLI 20.5 b^iJl j~£ J*- ^ll ji^s 

blill oiUlj t <uJ b.-Aj* 3iL» Jbj3 b»u. z‘> JJl—J ^mJo^JI JLbJl Jei A J 

jlj^*l Ibk . J _Jl^l Lf jJlT I ^i«_Jl la 11 j\ ^la— ,11 ^JU> AjAifr ^5* 

JJ ^il lliLT jl j^l jlAi* O^J .Uj . JjLJI ( ,^-Jl ^k-» jl ) jJe-. ,jU- oilil 




-uv- 



o-La oj . 4.y,{j j l» .m ,i JJI II £tJa—» ^JLc- (.\_iwC- 

JsJL«j ( ^JUL-rf £_L-J1 Jus- jt ) JjL^JI ^L— * ^JLp a„ ijiL^-Sh iJLJaJl 

« 

: ii^jUJb M^ai' jui: (Film Preaaure) ^a^oj ^4* 71 lko> 

Jt = y 0 -Y (14) 

J _^wj; y±-J\ JJiJl y j ^iJI JjLJU 4JJI y 0 d-** 

ji (Two-Dimensional) jjAju L I.U i> j£jj . *J bbj jbu 

(^•Xll ■» M p VI Ju«aJI i ^LmJI t^JUu I a fcj ( ^JLaj ^1# j. i^ft. *»ftj ( 

Sjl^^O j£jj . (-Ljs_&Ji ji iUut iftC ^Jj • Xr-w jls CjLjujj* 4 hi«iT 

jj j* jLaJ Joi-joJl Sjl^j i) j£j l»«i 1 jill ( jLf> j-Jl 4 JNJL 4 i\ cAJLnJ! JbjLJp 
• ( fUaJl glj^ jl ) 

l» 4^j i ^Ja-Jl #4*- j S 4 UI y *Js i—J J^L* y j~s\ lilj 

. : =VAty\J^\jyy^j±\4~Sbj& 

TtA^RT r (15) 

. J\iA jU J> J^\j Jjl i-~Jb PV = RT OljUJl 0 yUL ibLil ojLa j 

JJUI ^ JJL- jJv Js d j£d\ juk-JI £>f (15) ibUil ^ gja 

j*Xju Js> JUL-* jU j* Sj-yJI (State Equation) 3JU-I ibUl £aJ*j LLL&t 
a-_*JU frLiJjl Joa_* Jbl jj (6) (Two -Dimensional Ideal Gas) 

. oY ySli C}SyJu\jj£> iJUl oY y£S\ JJU> JULJLJ 

l»i . £rty&\ u J^ >/ J Jl^lP^frL^lWa^ 4> - rf (7) JJLUlj 
iJilnAl JjLS' . 71 A/RT jt*lall g« 7t (-ULaM JaiLjg jyj i yu 4J^i (8) jXjJl 

7 t a = kT (16) : ^ UT S^l J i^^i«Jl l{ (15) 

Ul tUJ> J Sjl^I jJI 4 -i* >1 IfUJJ ^1 i^LJll JJ La ^ a 

. ^Ja-JI tLix ^ oLoj^-l 4^-lj gsij JL-L-il jf Jtj CJlXi A 

. O -» 7t iiijJl ait>L (9) JiLiJl j—fj 




-m- 



: jUf o'ljV l y>nJi r *J\<(\5) IbUil ijUS* j£~jj 
tc A = nRT (17) 

i *.u j* o^i i/tji ’ i i+»jj M j a^uii sjUi Ojj W 1 n = W/M otf ti j 

Jjjli jiJ& J (16) VjU 1\ ddJS J 

till . JJL-Jl gk-j 'jU Jlijjii Jj\j j^i. *ULo 0 ^- jw ; t JH-* gJ*-* ^ 

^JUdl jUJl jams! (iUJLij t Uam* JjJL£I jLifr' £««4 d. j» y * Ojj 

i < j i jj Jr i\ Ojj W j £lo_Jt tLL* A jL^frlj (17) UjUII Jj )l»7 UjL£ £- 04 j t j 4 «U 4 
OjjJl ^jlfr 2JL ykJl «JL* OIcL Jjj . ^Ja — 11 01 flJL* ,: 71 » L.t _jJl l aw > 

II j** jJyi y±\ Oj jJl £• jijy I JLoj ( 40.000 £lLJl J cW 

. J>J 1 

i.flflnJll J* ^A-fcJ! £-»«~aJl 71 A/RT Of (8) J- C . t Jl ^ 

j£ JL_il ^jJU J- 1 * If 71 -k*_jaJl J 4 I jj £• 71 A/RT jlJLill ^ dlijS U-^ i ji-oi I j*» J- 4 jJUl 

4 .ia i >t ill j» : .5l1 iji JoaJ 0^4 <S* ,^J1ol* £k—Jl *Lt-£ il jJL* of . ^Ltl' itl j i n - l l 

Jbl jij ZJliil £la— Jl »L1 aJ ifjljJl iljJLJl t yLoJl 3» jj11 ty 71 lao . fe ll 

J^Lf^a^7lU!>U^jli^(9) j . 7C £k-J1 JaA-> 

£-54 SJI I JUj . OTjJ-1 J4 jJ ^Jl Vjt jJ-« ObrjOJl j J* yk± J1 OljUJl 

: J\il\ j* il jLJi J_-J^ igJLJI HM 
k(A- A°) = qRT (18) 

. uiLtijjl j ^il ^1^54 (J oij J^I jJl J j+X J 81 ; i: —11 4^1—11 fj4-X* A j L* 

: J ur ifeuil «JL* 

tc A/RT = (A°/RT) tc + q (19) 

: J4^*4 tj* J9* jWI iJiUi iSjiA fern 0 JLoj 

71 (A - A°) = RT (20) 

: JlijAili 2J^Uf ajUJ! JJiUil J 

(It + a/A 2 ) (A '- A’) = RT (21) 




(10) j— -;j . JjJLil ja Jj JjjtAjI ill^l ja J5L-» gJo^ *LtXi%i JJj 

P jLifrU i cAi^j JS i jAj! Ait jaiyu Jafi -tl JLiJl Jfi\J&*j\ jt t TC J^1^5 

. XiJL) jJffLil jVAJl Jai P j JjL-Jt ^..tlt jUiJt Jaijp 




^1 a£»l ^iUwolj {LJI 4 mu« jL} jjt ( \ . ) Jtt 

.(11) J^LtJI ^ US’ P/P° J^li. r a^il^oU>dl^dXJjLS' 4> ^j 




PfPc 

x^m ‘i 5 ^iicsv»j jiil-u 




->er- 



j- exp [ -(E a - E d )/RT] 

6 (2 Jt m kT) 2 
b P 






0= TTGp" (8) 

^y L . O ' 2 j_*J Ij . 0 aJuJI Ais> 5 j Trf > U (n) 5XS- SJV-b 0 

: J US jvt — II Jx. uiijriiS jtjS^i Upi\ (n m ) oV j-JL! 



e- n 

n m 


(9) 




n- nmP 

(1/b) + P 


(10) 


: Otjl 


: ^ILJI J)(10)ibUil Jj*cS 1/b » p i 


UjA* iitl jjl J» jjuiJl JL£-j 


n = n m b P = ( li -! li ) P 


01) 




LJL*JI Js jJLJeJt ^4 L*t . iS y-* { jjU£J ^ J dAJJbj 


n = n m 


(12) 


: O^i 1/b « p ; i> ^ k 



( yLAX’^t Jl&wi'lM jx b c-iUJl oL*^l*_* jle J yx^\ V J 

g « 

b = ^ Is- exp (q/RT) (13) 

(2 p m) 3/2 (kT) 5/2 f g 

Js. i >1 yu-l J } 5_^JI iiu-l J XAj*U *1 jJiuJI lilli U* f g J f s 

£-»V-» XjXS- . q j! >=-•)!' 3jl ^ iiUsJI J ; i j-ajj . 

jyu3j . (1) JCjJI ^ US' (12) (10) olftUJI ^ jl^ju jilSJ tsJjji I 

jl J» j Jp ^i<13) j(ll) jij ^U£J ^ jl&UbJ JLp j— » 

j»>^l^(a- 1 )J^JIj^uj. 3' 5JVa-> 

. uJu^p ^ (b - 1 ) JXjJI U- -.J ( ij-~S q L*jl^ ) fjji 
£Lcj^\j dJUij (1) J-£-iJl b a j . : w - ~ J ' w>jl *%jj 

* ** J* 




)*t- 



JLM jA Lfei' Lj A » i Ot J- 1 J 

*j-» ^ j'.r'jU t 4JUii*5/l OljiiJI ^U 




* ^ jJ» JoUM jij^J jt 31^ i>>JH j '** Sr* J 

^ ^ e 2 j (i - e ) 2 jj } j (i - e) iiyjuai ^ 

jjU^J £it*u 5j^*!l i-ij j^*l cjIS” iij U-J iij*4 ^ jJJj . (4) j (3) j-JjLaII 
: ^iUT ^ro J UL^jl<dl^^*iJi(14) tf iUS’ ji( 10)ibUib4tf ^ 



_P_ = 
n 



1 

P2 _ 
n 



1 



n m b 



n 



(15) 



m 



: ^ US"j i JjS- l££i3 ,yJI i—jj^vl) 5 , . , - J b 

1 

1 ^ P 2 



n m b 2 



n 



(16) 



m 



-i-j JL-ki- ( 1 5 ibLnil ) iJU-l ^ p j p/n j-j 5-S^LoJI O^Jj 
.(15) iJiUll ji j P2 JjLL* P 2 /n j, jj LkM ii%Jl a!* Ja» 



r» >H t j-iik-k* j-a_* ^jXfr oL-Ij j^-1 jl JJj 

ji j ^ ji LiU aJ^La^ l jp'%>is-*i\ i JL^Ij ( 1 )T ^3 j 

., 0 .i : JJUI ibUil 

n mj ( b j p ) 2 

1 

1 + (bj P)2 



n = I: 



n mj b i P i 

1 +bj P 



+ Z J 



(17) 




->© 1 - 



jt 1 2U/lj a j 

i^JIaJI u^JLmj 4 j^i ( 2 a .a* 9 j ( jy ji ^Ja— < ^JLa 1313^* I L> jLt y\*-» L*Ai£ 
5 JLM ji c_i jJI i_^JIj jk-JI ^ jl^l o-lU )U!I i_^T ^ 01 ji) 
jljJj iJl>- JUjC Sjl jy ji jl L-^S" j! lift jj* Q , i - v < ojUJl 

^Jbr Jj' J JA^UJ jl JbljJ JLlc-j . j^^fl Jbu ^ ^cJLH jUJJ Jl^’l Jbju* 

5JLv jUU JUUj»-I 0 -UAjM i_^£jl ^ \}JA Kyy 

tiUi i 'fl& 4-3l*jJi jl J-^*^fl OL-s^J 5 jJ?Uj» 4aI :J x.« OljJj JpjJu> oij . i jy 

.]rk,.’fi ^Js- J <*-' *'» j\jU*y\ <L*^ Jt lift {j* JjLlmj . 4ju * „* LC i ^k-JI 

4JL£-illj ^ ^y*— « 3 li}L*JI oJU Ji* jlj i 5^1 ^J-l o ju£ JI 30^1 

jl j-^flj jUjJ ^sJl iliiT Sj-iT ^ JI 33 JI J «-> ^LJ i» ^ 

^ # 

^1 'iLjc-l t ljl?r Jjl ji)l jftijp d-— j- t OJLii OJbu c$o)l ^L-^-^Jl 

JLi*j . JUUJI 5jl J-l w»l*rjd ^ U—* ,yl-*-£jl 3 l^)M ^u=-* .u ^JJl dJLxiJI 
i-C’j . jljj^^l i*-J* Sia-t* OL* Ja* I 

5— ?L?-I l~£ rr *'c-:*iA j—iil oL-^31 ^ Jj-aJ-l ^ ls^ f 

. 3 lj^)’l U^u 

»V.ju* AjjI jy iy y ji iSj^H fc—3l Silt tl>JL?w 3^ 3^^ 

w U-..-H ^ juk-JI ^yU JpliJI Ji Jejj* S^r-il S^ats c^-J» 

^ : — i JLii a * c .lull 3 ! jz+p ^ L*i (Incorporation) ~ 1_*jui a., t U. p ^JU 

^j£yj l£j^\ Aia.fc> J^UAj . Oimjjjj? 0 o» ^...j 

j! ^k— JI ^yU iS'jJ-l S^Ji-UI it-jjJI J fc^J JLii t cy-*M Jili-Ul kJZ y 

jUJIj . 4 — L 0 _*il >j±y ^ jmAytSj d,#u t 3 , 3 : -•? , Jj^J 

0 

jjJLt iT j ^- 1 0 03^*11 4jL i±j* dj£j l*JLit tfi * JjV» 4 /* 1313^1 ^jjlju i^JLJI 

. 'jjXju *S j-^l ^yLt OjJLxJl 4 J 3t-£ i3 jJLo ^via««Jl ^JLp ilJU — j A,‘Li C ^Ja— Jl 

JL-C- 4-JLc- J J.<g,»"l j£*>! L$*Jl ^ gJo~* 034 UJH J3U^I iJb*- 

• 3 »>?» 




-m 









it aJ JLjLj^ UJw iJjbl jl js*}l j 

L«-LlC 4JI . ^ i a. JJ A. Ja. fl..»t.T.il AJajJJl SjjlaII jJlijJl j-j O^A^LaJ wAjJL^ 
(> _ s JLc- 5 j-_zjf 5iLt 0 0^1 5iLllj » JaJLi ghbu-Jt ^ js*~* *j-JT Jj£a 
: ■> 01 Jr* 5 XPLs-ij 3ji*-r-* £*!>• 

J* ojj^aJI aJ jli *)jL, dJLL^. jl ji^l IJLa JJL* ^jbu ^ JU1 jUJI j . ^**-11 

(p A = nRT (1) : ajUT 4 ja.Uj 

l*Uij ^Jl i^-LJ.1 A c ^jJju ^JLc- jUJI Jaj L> jAj ^Ja-JI JojL> 0 
. UikU 3*1 jA* l i*,* T j j< A*l o^U R - ^.J,‘ jUJt O^jOJLP n 4 >lJI» jUll 
Jbj jj j^LA-l 0 jjU ^Jj jJ^La ^ ^1 J»^ jill Ai^AjJI flJUb j-a j 

: j Aii j-A j tfAJI j jl j^a f JjJit ^-bj t >-J* J* OljUJI 

n = C->li . P (2) 

. p Jl jj^|l JSJU)0 II jl i~*£ 4 _— <LuJ »■ 

oL-j-T j_» jl j ^ j_-jj jjf (jUL-...^! jjL*XJ ^Lks-jl JLSj 

« 

±sS i Xf^jj JL^-lj ljlj-=-*| A-Jj jjM ^Uu 4 5jl**Ij A-jj j-r 

: ( r a ) jlr*? 1 **j-* ‘ * J ^ 



r a = CJ 



— (1 - 0) exp (- E a /RT) (3) 



(2 7i m kT)2 

JT LiUiAl fJjd ^bj .. jljiA^l h,.t,:> a$U» E a 4 4 jLi^Jl J^U. a s±~*~ 

5 jjuil LLJjJI jjb ^juu Jp\ jii*i/l Ajbi . (0) Aj IbatII tjJut l jLC’ E a j O ^v—* 

: (r d ) jl jii^l iAj-. Oj^Jj . >Vl 5 ji*il oL-4 j4-b 

r d = 5 0 exp (- E d /RT) (4) 

(5) : ^IjJ^l JiPj 



r a = r d 



a(l -0) 



exp (- E /RT) 



Ji d. 



(2 7t m kT)2 
8 0 exp (- E d /RT) 



( 6 ) 




-> DO- 



JijJi Jt j j i J-JU-L cA^f 01^*0 n m . j n m . £»»■ 

01 jmmyju bj j bj t ^JfuJI ^Ip oJL^Ij <L ju jjj- ciJ J j jj 1 : ; ,ftCSl £ Ol 

j£-d\ J* jz*l I jl jZa\ Jij \y, 3^)f» 

Jj ys-^ ( n ) jM y* j' y*P Cr* Crf’ y 

A-if *■ <&%£■ ylol P Ojl jill Ja«Jg.U y-i j jjf-i JjVx> <ulla* 273" J^-Jl 

^-Jpj -UP ^ y-*ij ■ (2) L*S (P < 3 X 10' 3 tOIT) 4 .Sra fl*:U J* jOUaJl 

; ^Jc — U ^jJLp iiliaJl 4 .aJUA> £-51 j-» * ^ jj 1 ^Ja— > (17) 5JiL_«J.I 

4 .;.— ' JL; jl 8jl «JJL^u -lij . <UjIj jl jz*\ fljl y iiJLJfcl ^il j-JU 01 3 dJU^ ^*j 

JIjuJ w—^w JUjupj t (17) <U^L«l! ji b <u~ 8 ^_Ju I^JLp 1*0 jsj L? <L&JL~.£l ^sij-oJL) 

olf i » k -N IOsJuj ^1 ^11 j\j£*y\ 5jl y jjj . ^a-jf-1 J~^Lr- 

J (17) J^»l£3 JUP d- y» * t 4. j «. Jjl P jJ 5 jj ■ fl ; jl I Ojl J33 

: 

I 4 ^ 



n = a P ,/m g (18) 

!0 P/torr 




2Liii M m3^jA^H2/Ni r U^jl3lAyi r> ^x^((T) jsaw 

2^-* *s*j}k tsJjjfi' **•** ,jJ J ‘ J-? 5 Or* W! J-^ f ^L) 

Luf i_Ja>- 6 aLJsjLJI ^5-u*j (j jl 5jl ihUJI 0 jlSj . jl jp^AJ 
q = q o (l-a0) (19) : ibUll 

19) ibUil ^ -ujL^ U (7) *bUJ1 ^ q jl-Uil y ‘jy liLi 
q = -(E a - E d ) 




a 



( 20 ) 



: Of jU 




1 

8 (2 w m kT) 2 



d^=b o Pexp[q o (l-a0)/RT] 



( 21 ) 



: ^ J iJiUil OiUlj jj jJaJl 

In P = - In [ b„ exp (q 0 /RT) ] 4- - q ° R “ - + In -g- (22) 

jj£j Lfti'.j ; i jfS (22) aJ^IaII ^uJI jJl jlJLill u j jj£jj 

<J J* 1-iJj • y-A II i-jy j->Vl jlUill 

: ur jl jwju fjJjjj \ J\ feUll i>\£jy L Oli A 0 -} (22) ibUll 

RT 

" = % -T-=- ln (A, P) (23) 

Mo ^ 

. P jljJ^l kn jaj 0 iJfijull In jill ^ 5 Vt ibUilj 

JJ Jr^ £■* jl — J (1)1 j' (4* Ol* 

jlj^V)|l JLs P JjUL» n j UJLifrj . jl J«s>»^n ^Ja— » ^s> oL^j-J-l 5a Ja»» aaJ? 
• a-jU ala jj il)l d -JL V Jjt Oj-JJI JL»- JLi OIT ji L»S jJ-j 

• IS^JL-J' ^ jl j=-y %^-xlW aJjJL-M 1JU Ji- (3) 



(Teller) J-j j (Emmett) c~ «J j (Bronrauer) jjjy. tUlidl £Uas~»l oij 

iUj .,jj • t£t . OlyijjjH ad*i« 

^ j . a_»LJI 3JUJ1 a» j^JU o-l l! ab*j) ^ (PET Isotherm) 




22ila*n jSiill 
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. i5J» u* jit jl <LpliM ifaUJl ^ 5JjUv» mj! ( > ) 

*i»^uu: j £jyj~\ju sL>jJ- *i j ^ tfJUi £k-J\ bjZ* ( t > 

. ^k-Ji j* jsiuji ^ 

^ J 4 Xa-IjJI ® jX*ll jUJl OL-S^J*- JA i y±£* ( ? ) 

y ^ . ^^baJI l $ . 'a <u £» L&JL£l 2 jl*£ j)1 J^bLsJ jt J>IjlsS 

. (q L ) JLS^dl tyy *j.u- J VJUJI jl a^iUSt ULJUI J 
i 4 -jLa*-*)M <3 jWl* ^ f j-J J )ii\ ikl*-* J>Us«il j&H J 



n m C 



C- 1 

n m ^ 



(24) 






n (Po * p ) 

^ jljs^fl <zJHy JJLP n m j P Ojl jsJI Jai-> .lift CM y* aXft n d-r-»- 

. ^uiljUJLI^JJll jlkJI JaAj* P c J JjH\ 



(q , ) Jj*i\ L * >1 Vl±U j\j^y\ ijjr c-AjJI j 

: ^ US’ (q L ) JUUI olJLkJI jl ^1 y^-j 

(25) 

(*-i j-h 0 j 



C = exp [ (q, - q,)/RT ] 



JLJcJl .lift i— S=> _£__ J.jUL> -— — — — 

P 0 ^ f n (P„ - P) ] 

C j n m (*J ^Js- i -kM iiV-JI ^ J .a * .~jj . (24) ibUil 



(4) j£iJl 

J. ^ *>9^ j* J- 2 -*? ^-s — ^ (24) SJiLai! Ji j i-JL;-) iJ%ft 

: US’ ij Jaa itaUll ■/?*> 4 v ji*ll jUJI |Hyy (24) AtaUll n jt- UpUa-iVI 

C = ! > -£J~ . _fL (26) 

V(P 0 -P) v mC v m C P„ 

•j 1 ^- isr;a J* gi-J l> ji* 4*0*- U> fjVJI jUJI ^JV J* V m £^- 

. 0.05 < P/Po < 0.3 tt-UI J «jU 4k> j iijUll ji j o%Jl j . oULill 



Ujtaj, juV ( n m jl ) v m jloill j* 44^)1 4»J>_JI i»-l— ll jIjmJ Jrjiij 
j , yj j . jk-Ji ^iUi jJijUJi 4 jttji- igbUJi 4,wV.,.ii 

^Uftj jij jl IaJp ^jxi* 5>iUI 4-A>f 1 

iilLT jaJII 3 UJI SiliT 0 j£j j (Hexagonal Close Packed) il y 




-1oA- 



3— -*Ja— Jl <L?-L-JLI \Zj\j-iXlj ^ SJajl ^jlp j • (Solidified) s».l . a ~H jI—aJI 

3— ij jd-1 ^lsi> 3j>-\ — • ijjjt y,. j (26) SJ^LaJI jij 4.1, 1 <al l 

^ l*S 3 4 ..Jl 4^-LJLI jjJiiJ ^ ^«JnJ 2j L £-J L« i)L*j . 3 jjudl 

4j jJwiJl . (Metal Films) 2 jjLUI jjli jJJ £» iJU»l 

jUgJ-1 d AjdUJl jUJl i-*£j 4jjli4 o-LJLl cJLa Jl* ^ jl^l i-*T 0 / 

t'u^l jUJl 4-3 iajbo <J Jill jJL-ail JA 4j j^iJI ^ jlAll 3 jJ tS j* j* iUi J | 

v-JUcJl . 4-^Jx-JI 4^«L— * ^LJ iljll cf jJUJI j jJI 4— J 




*3dU. 77 SUjOj J^tSLLJi J* ^ ( *) 

i Meat of Adsorption jljjUYI 3>t>»« 
Ji*ij • j» U** Uul^l 3 j» ^ jl 3jl^ J^JLi 

*-*j> J* jl ^ dl Jj^ll Jm-* iUi^l v' — *■ & 3 l h^y aL **! 

(Calorimeter) yu-ll JUjc-»L LL-p jl^Jl 3jl y ^-1*3 dtjS j£-hj . 3jl ^i-1 

^ j ^3j^3 ^jU- 1 Jflbjtl £* £*** fU»3 ,y iJiUill 

2— »lj3 jM \*£ ijl^l dty ctfjl jd- I i M r*W^ 

. UUJU 2Jb c I 
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ja j-** jlJULa L« Sdll i-ij y n s jljij'J JU£ 5 jl y-l Lai* SaU- 

jlji-a^U JA&Jl 5jl 6.U 4 ( VJL» f \y ) jl ^Ja-a 

fljlj-*- oi ^il jJIj . q int mt LfJJ y jjj (Integral Heat of Adsorption) 

4JI3 IJlJ j c i E s ) o^s-Jll oL_ijj^-! iitl* j (Eg) 3UJI JiU* J j* ^^*3 

: 015 4 3*3i»)n i-U* ^ J*-* ^ 

qint = n s < e g - E s) ( 27 > 

ja liJj t ( (»' yrdl jt ) Jj-UJ J y jL-^JL 3I j-s-a^l ijy ^oi-fcj 
j\jj£ 3»3^y A-**' OJLJ3 lij 0^1 J . n s 31 31^1 iy? ^ ( 27 ) ibUll 

: Oli dqj nt UjIjUL* 5jl jiA ja i-iL>l 2L*S' jyzl dn j 

^int. 

q diff.- ( dn -") (28) 

3 

. (Differential Heat Adsorption) J 3 jl j> I q diff Jj 

i-uli y ^aj-^awa jj-»- oy j asjD 3 jl i^y ji 31 3^1 UJJL^J 

# < 

JaJL> JLl£ jlaJJ JA dv i) • A-lajJl ja L..a.a ^JLi 0^5 OLijJ^xJU 

i-JUil ilU-l jLi^L ydl JjtiJl OLi iyd\ oUu> I ^ dn s ^Jj jJaLl. c* 111 j P 
Pdv = dn s RT ( 29 ) : 0 ^ 

J-*— =Jt • RT 5-L>-iyi J-i j^tdl Ji-iJl 0 ;>£jj 

: ^3 ur biLJl ojl^M 0 q diff *JLi»LLJl 313 -.)! Sjl y J\ JU’ 5jt y 

^iso. ~ qdiff. + ^ (30) 

. (Isosteric Heat of Adsodption) 1 313^^1 *$yn qj so -Aj 

J* bjj-S£S - *bLa-» j--k> q iso U , i ^ Jj— a-X 

: jt t^au 1 313^^1 J~ij J LA U.**,:-* oLa^J J3^t 

%o. = RT 2 (JilL)e ( 3 D 

d T 

j\ySf\ ^k-. Jit 3UJI ^ UJUit oLiU*^l »Lil i-Ull 5^1 jJ-1 Uij^j 

(»J dyj* J! 5 j* J* 

lil Lai . q diff jt j-a j i— <Uil 5 jl jiA O^i Ja-SJl dyr j* y jUsil <^i 
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'j* i— Ail' ja— S\ ^irjUM jA-iJl £j* JUjfUl 8jl jA«JL J ^13 JUbjl 

#**} Ji j;dJl*RT jUO* (30) *bUl! jij q diff ^ ^>3 q iso bH q is0 . 
^ UL* i-»Ull lj \ >i C>t jjy* J . jgisil i)U-l jl^Uj jUJI Jj ^ >!CL4 J*J- 

^ — j ^ •k-’j W ^ ^ IcJj q iso ,J-A *5f J q diff> c J 

. ijyu-JLl SJUffUbJI 

» 

Crri^y j jLr'? 1 tfJjji'j* Vrfl— *■ qiso. ^ 

(5) j£-Ui ur 

tr 1 - 6, ) T 2 -> T 1 5 3 1 j-*"* crO* ^ ( p 2 J p l) P *3^* 3 m-jJJ fJAi-Jj 

: y Uf -j- y~>i& i)iU* f*£Jt life jt>yu ^ i ( 




P 



90 k*j77 (6) Jtt 

t (6) j£iJl ^ UX JL^i* 

iJL^j . jl > sj»)M jJsu- ^rJL^ f-U- Jj >kJI life jl ji*}|l 5;l j^fliLS iS >MJ 

jlj^j 5jl jUi j ilJUi Jit ^ j>t 3' >>! 3jl ^ 3tt-5^5 ^*3 £*'>• 

\jjt *b jjj ljz+l\ jJUaJI ^ tfiJI >bJI >U JaUJI IJub JJ aUai . Jit 
. ja*J\ Lf^. ja 5 jsJK JilioJI vlr*« 2^ jl ^)l JL^T J^lj5 ^ ybdl 
-M jj *>»>& J* y^. aJI i—Jb CjL-^- 5j'j^ j*aa3 
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ijjLL* . jl j^»^|l Ja— »j JljjJI Jfljljj jl JLJjjT 

i j — «ji j^* 5 j»juaJi (6 ) <_! Vi >>“ii a.. -Ji; a.nL.wH ^ i-jL-^i 

. 5 jaJLI Jli jJI JpU 5 iyrj fJP JUjup ^ 

JjVl SJaiM - lgUs> J i£jjl iJfljlj jj j£j j j-aJ 

^ V u-*J i jJa-Jl 3ji JI 3 UJI Jliiil Jp 

ijjl jjdl iil aj ijl • ail LI 0 y>3 UfliH ^la-Jl ijj j* <ijVjJI 

Js— J* «ji J!j^* ,j* Oj>^JVl jLisal J-*. - .-^j . jis-Jll Jj/il' 

o^jt ej j JJLiJI ajlb jp j-ju e„6 d— *• fe 6 - e 0 TV U-t-ii* iiU» >— >1 — i^l _L& 
Jl j-j jjVi wjj^ 4-*3*N viLnail iilt £J Li j . (Ionization Potential) j,»Li)l 
: J\ k jL_ jix* (q 0 ) jl^l '»}]*■ iljiJj . e ^ / 4 r 0 jloill r 0 SiUll 

2 

q o = N(e o 0-e o I+-^-) (33) 

° 3JLe = N 




>£(50) J££N 

JS£n Jjlj ^ Ji+jjJUJWjZ*? 




j ) j ' A \ <UU^ ^ (33) SJdUlt »b <U yL*-» ^JUi jjJLt J *)fj 

jL^utl f jL UJj . 4 j jXoJI £jla~JI l y r *-~S jtylj OtjUJt 

djjMfiJl £Lyj9j3 . Q »».*Uj Jfijljj ^JLfr fl»U Jaj\jj} I 

: UT Me Ji, jli ^ J* H 2 Wj JL*JI 3^ 3W UH* 

2 Me + H 2 >* 2 Me - H 






.)! JV UiJUfiU DU-l JUL-Ji ijyAt jy^j V * JU XJiLidl j 



frLJt (Me - Me) hjti Jl oljJUl j* il^l ^1 j~S J* UU ^ ^U*J3l 

Jlifr 5,. ftl Jl <Uajl jJI ,ji j£j Jp\ j-lib jl jjU^I Ojl ^fr J m r K iJ ■ jlj^^l LyU.fr 

9o " ^ E Me-H ’ E H-H l 3 ^) : 1 1 

j— 4 „ > — U U ^JsjljJI Li Up i)*)L«c j ^Me-H *" ' - ^ 

j—* ^Me-H ‘r , '— ^ 3il*jl O yr JJj . Ej^jg.jj jlxiil L-J iJ jx* ^ 

: ,y US' (Pauling Relationship) 

E Me - H = 2 ^ E Me-Me + E H-h) + 23 06 ( X Me ' X H> 2 ( 35 ) 
LJb^l L--JI — Jl ^ 23.06 (X Me - X H ) 2 j~±H\ jU-Jll j 

h s J* J* E Me-Me ^ J 1 * 1 • (Electronegativity) 

2 TT : ii*JI -y U aub . ^ 



-M - Me ” 



12 



U 



sub. 



(36) 



^jJI j* tSjjU JX-^j jUw <^jJI jJLoJU L.-jJL< Lfr (36) Lb\ «ilj 

ileiput dJL^t ji\ SjJJI 0 jSo d~*- (Face Centered Cubic) ^ur^JI ^ji'jJLI c-^Xll 
trL* (35) j (34) jysfcUil # J^t . 5,jL^ \y (12) j-U* 

% = E M e-Me + 46 - 1 2 (*Me - *H> 2 (37) 

. (X Me - X H ) LJb j^Jl LJI — II ^ J yUl c ^lfr J yAp JJ OUL jJp c^JAs-fl jJj 
oU»Li j* M tjUp- . Me - H LIojI jJU M 2)1 ^jjJl \\a~i\y ( \ j 

'jPyAPij LiibJ^i obj*-^ i)Ufe oV LL^ c..*.j LL jJaJl ji jJj gbk~Jl 

. M yXfij 

LyJUJI <jU^ X Me = 0.355 e 0 (j) Si^UJI ^IjLpxi^Uj JJlJLII 2JI^ L«^l ( T ) 
. Jk\ ja X H UJ J j^aJ-l j£+j Uui _^UJU iJbj^Jl 



#***#**#«### 







3ui*ai : lj 

* >U-1 >W» U*li y yjj ^1 >1 jdl ^ Uj 
? ojtLM J^IjaJI j~mS- y l^frlJj ,yJt OljJa^-l j*jiI ij* l* - Y 
jJUJl i)b- y ts* J) l* jUJ Sjjiil ailkll J J^=3 JLT - r 

? S-UJ’ 

? y a L i j Ij ^Jj il^il « ». d j ajUesJI p ^ ^Jiil 1 

y I j-jiJU j-fl-^-l J^LJLJt y l $ * . o-»t ijrij c «— ^j- j -aJI £j jjl — o 

? 5jU^-l 

? jil^*l Jd»UJIj o\i jll 3iU,l ( j r j <ij yJI ilXi ' jCw cA -S” - % 

£->j y . SJU^lj p a ■«. ~H j--» JjyJ' c>- ~ V 

? yi.^jCH J^UJt y jjtl jJoJf «JL» OL-JL- ^ 

? yyi jh A-iJt *jrji ^ ~ A 

? ydl y U-&I J* UJI JuSLitfL* J yJ-i ^LiJl ^ a^uji ^ 

J^ULJl j ^pJbrui-* j-JtH iSjJJ~\ J^Li jl LS jj*- j~j <3 jl Jl - > * 

tyMi 

? jiy-?i 3 y& ^ J— uxiJl» ,*1^ -> > 

? yu*-£ji j yi* >iJi v. ^ <i yii - > r 

* yM j* iW'j y5 jW 3‘^>» y J* c^’ ~ ‘ 

? 3 ! y*^ j jvf j yii - \ ® 

: y i-ilj oiy* JL* s-^iTl - \ *\ 

• j’j^V^j 1 ^) 1 ( V ) • jl^yi >^iu> ( t ) 

1 jl^lj j! y^f\ oL-Li 
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? (jr*. - S A 

xJjl <Jb jju cA^S* ^-jj ? ^y»«.lfl..Jt JL-iJl S jjfcU? Ji. .a a * It; fJL& - > ^ 

? jii-J! SA^ ji lilkl! JJ*^ 

? i* ycJtJ! oViUll j ^J>\ £> & - Y . 

? JLJJl JU. 5 ; 1 1* j* jUs^li £Jpj -Y > 

? JujUJt 4> _i1 ^Jlj frLSJJI JmJp ,JL^J - Y Y 

Y jl ,jX* O^iUiU L->bj ~Yf 
Y 3^1 y ^^uij ol /JU c^Tl -Y i 
U. /t i’ll JU 5jl irji ^-Jb £• £jJ>t - Y * 

Y J^r 1 M v5ji> ^ 
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JJLO Ajutbf c jJL** Ju>*9%a JV-^r • d.t t "■ t •tlj f I t - Y 

. HA. 

jta i j— JLJU i-JjjJI jljJt c jjb Oijj-Jr j j 4 - T 

j-iuJI jb ( J-^lj *JUl JL-ft is •*** >Um .3.1 i3Uj^4S3tj2USj^fcltfrlj 4 iCtt - t 

. t * * r ou-bjjj 
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Resonance j-ij 
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l^JjJLA ul^Ldll 6 \jmA^ ljIjJL^I! t /r 
T rapnall JUjI jj cjjbu l>* ^13^^ 0^*1 J 1>*4 ir^- 




N 2 co 2 h 2 co c 2 h 4 c 2 h 2 o 2 




A 


A 


A 


A 


A 


A 


A 


Ca, Sr, Ba 


, Ti, 
















Zn, HF, 


V, 
















Nb, Ta, 


Cr, 
















Mo, W, 


Fe, 
















Re 




NA 


A 


A 


A 


A 


A 


A 


Ni, Co 


- 


NA 


NA 


A 


A 


A 


A 


A 


Pd, Rh, Ir, 


Pt 


NA 


NA 


NA 


A 


A 


A 


A 


Mn,AI,Au 


,Cu 


NA 


NA 


NA 


NA 


NA 


A 


A 


.K 




NA 


NA 


NA 


NA 


NA 


NA 


A 


Ag,Mg,Cd 


l,Zn 


NA' 


NA 


NA 


NA 


NA 


NA 


NA 


Te, Se 






Bi 

B 2 

c 

D 

E 

F 



• ai£-J f •** J! ^ : NA 

y,[ie> ^JLJ « C^ljJUJI j JjL*» ci A^jJlU Ol^JLftJt LfJ A ^£j : Ic 



Xc>«aU( 
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^ AijjiaJl Jxu^LuJl ^ GlJJ lil % j * (jaJ U 

• SjJlLu* <JjJLaJt 

ajj^kJUL.L.n^jiA 



M 


1 


r 


T 

m 


T b 


h 


<P 


d 


P 


E* 


X 


K 


b.c.c. 


2.31 


63 


760 


21.5 


2.15 


0.86 


6.6 


-2.92 


+0.52 


Ca 


f.c.c. 


1.96. 


850 


1440 


a <r 
-t\j 


I\J 


1.55 


4.24 


*2.o4 


+1.10 


So 


c.p.h. 


1.66 


1400 


3900 


93 


3.3 


- 




- 


- 


Ti 


c.p.h. 


1.46 


1660 


3535 


112 


3.95 


4.51 


47.8 


-1.75 


+ 1.25 


V 


b.c.c. 


1.31 


1900 


3000 


121 


4.12 


6.11 


24.8 


-1.5 


+ 1.4 


Cr 


b.c.c. 


1.25 


1550 


2482 


94 


4.58 


7.14 


13.0 


-0.71 


+3.08 


Mn 


A 6 


10.29 


1245 


2097 


68 


3.83 


7.44 


- 


-1.05 


+ 11.8 


Fe 


b.c.c. 

• 


1.24 


1540 


2735 




7.87 


10 


-0.44 


- 


Co 


f.c.c 


1.25 


1493 


3? 50 
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